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INTRODUCTION
LOCATION

The Port of Miami is an island facility consisting of 660 acres that is located at the northern
part of Biscayne Bay in South Florida. The city of Miami is located on the west side of
Biscayne Bay; the city of Miami Beach is located on a peninsula on the northeast side of the
bay, opposite Miami. Both cities are located in Miami-Dade County, Florida, and are
connected by several causeways crossing the bay. The Port is the southernmost major
Atlantic Coast port (see Figure A-1). Referenced to other major South Atlantic Region
ports, the Port is located 21 nautical miles south of Port Everglades (Fort Lauderdale),
Florida; 83 nautical miles south of Palm Beach, Florida; 173 nautical miles south of Port
Canaveral, Florida; 306 nautical miles south of Jacksonville, the most northern port on
Florida’s Atlantic Coast; 386 nautical miles south of Savannah, Georgia; and 420 nautical
miles south of Charleston, South Carolina. It is 144 nautical miles north of Key West, the
southernmost port in Florida.

FEDERAL PROJECT

The present Federal navigation project consists of:

(1) An entrance channel, with a 44-foot depth over a bottom width of 500 feet from the
ocean to the beach line, with two rubble stone jetties;

(2) An inner channel (Government Cut) with a 42-foot depth and bottom width of 500 feet
from the beach line to the Fisher Island turning basin;

(3) The Fisher Island turning basin with a 42-foot depth over a triangular-shaped bottom
area;

(4) A channel (Fisherman’s Channel) with a 42-foot depth over a bottom width of 400 feet
from the Fisher Island turning basin along the south side of Lummus Island to the Lummus
Island turning basin;

(5) The Lummus Island turning basin with a 42-foot depth and a turning diameter of 1,500
feet;

(6) A channel with a 34-foot depth over a bottom width of 400 feet extending west 1,200
feet from the Lummus Island turning basin;

(7) A (Main) channel with a 36-foot depth over a bottom width of 400 feet from the Fisher
Island turning basin west along the north side of Lummus and Dodge Islands to a third
turning basin;

(8) A (Main) turning basin with a 36-foot depth with a turning basin diameter of 1,650 feet
at the west end of the 36-foot Main Channel,;



(9) A channel with a 15-foot depth in the Miami River over a varying bottom width of 150
feet at the mouth to 90 feet 5.5 miles inland; and

(10) Maintenance of the constructed project.

PURPOSE AND SCOPE

The current project features for the inner (Government Cut) and Fisherman’s channels and
the Fisher Island turning basin were designed for Panamax container ships; however, the
world container ship fleet has significantly changed since these features were authorized in
1989. Since 1989, Post-Panamax container ships that were deployed in the Far East trade
region (Europe/Mediterranean/Far East trade route) have become more numerous and are
now deployed in the Pacific trade region (U.S. West Coast/Far East trade route). It is
anticipated that within the next five years, Post-Panamax container ships will be deployed in
the Atlantic trade region and will call at U.S. East Coast ports. Thus, one purpose of this
economic analysis is to estimate the National Economic Development (NED) benefits
associated with harbor improvements, specifically channel deepening, that are designed to
allow for the efficient utilization of Post-Panamax container ships.

In addition to assessing the NED benefits of channel deepening, the economic analysis will
also estimate the NED benefits of improvements designed to remedy navigation problems
within the harbor that were identified in a letter from the Biscayne Bay Pilots to the Port
Authority, dated October 23, 1997. The improvements call for widening the project
channels at three locations.

The first location is the outer entrance channel at Outer Bar Cut. “The currents in this area
are variable and unpredictable, putting large deep draft vessels at risk when making their
approach to Miami. ... Several container ships have already grounded off Buoy 1.” The
Pilots recommended that the outer channel be tapered with an 800-foot wide entrance.

The second area is on the south side of Government Cut between Beacon 13 and Beacon 15.
In this area, ships are turning from one channel to another (Government Cut to Fisherman’s
Channel). “The strong currents in this area compounded by the necessity for the ship to
have as little speed as possible, makes it important for the ship to have as much swinging
room as possible. ... Tugboats assisting ships in this area have grounded and sustained
damage.” The Pilots recommended widening the channel between Beacons 13 and 15 as
much as possible.

The third area of concern is the Lummus Island Cut (Fisherman’s Channel), just south of the
gantry crane area. Ships transiting the Fisherman’s Channel pass extremely close to vessels
docked at the gantry crane berths on Dodge Island. This results in a “surging” effect on the
ships at the berths. Moreover, frequently vessels with on-board cranes have their cranes
swung outboard 90 degrees, thereby blocking a portion of the channel. “Given the variables
of wind, current, ship size, draft, etc., this creates an unsafe condition.” The Pilots
recommended that the southern edge of the Lummus Island Cut be extended 100 feet further
to the south.



The number of people taking cruises has been growing, and this growth is expected to
continue in the future. In response to this increasing demand, cruise ship companies have
been constructing larger cruise ships to carry more passengers. The largest cruise ships in
the world are Royal Caribbean International’s VOY AGER-class cruise ships. Two of these
vessels, the VOYAGER OF THE SEAS and the EXPLORER OF THE SEAS, currently
homeport at Miami Harbor. These cruise ships are 1,019 feet long and carry 3,114
passengers. Because of the increase in size, both length and breadth, of cruise ships, the
amount of berthing area at the current cruise ship terminals has been reduced. To provide
more berthing area for cruise ships, the Port is berthing small cruise ships at Cruise Terminal
12 located at the southwest corner of Dodge Island. Terminal 12 serves Passenger Bays 183
to 195.

Because cruise ships will continue to increase in size, harbor improvements will be required
to accommodate the larger cruise ships at Bays 183 to 195. Accordingly, NED benefits will
be estimated for extending the current Federal channel from a point 1,200 feet west of the
Lummus Island turning basin to the southwest corner of Dodge Island (Passenger Bay 195)
and constructing a separate turning basin within this segment.

The purpose of the benefits analysis is to estimate NED benefits associated with harbor
improvements designed to accommodate larger, more efficient cruise and container ships
and to eliminate or significantly reduce the navigation problems that have been identified by
the Biscayne Bay Pilots. Because this is a General Reevaluation Report (GRR), the analysis
was conducted at a level of detail commensurate with a feasibility study.

PORT INFRASTRUCTURE

The Port of Miami is a 660-acre island facility created from two spoil islands, Dodge Island
and Lummus Island. As shown in Figure A-2, the western end is Dodge Island, and the
eastern end is Lummus Island. The Port is connected to the Miami mainland by two
bridges, a 65-foot high, fixed span vehicular bridge and a road and a rail bridge linking to
the Florida East Coast Railroad Company’s main line track.

The Port of Miami is a “clean port”, the designation of a seaport that does not handle bulk
cargoes or potentially dangerous or hazardous cargoes such as fuel oil. The Port handles
only palletized, roll-on/roll-off (RO/RO), and containerized cargo. In addition to cargo
traffic, the Port of Miami is also a major cruise ship port. It is the year-round homeport of
the largest cruise ship in the world, the VOYAGER OF THE SEAS. As reported in the
1999 Port of Miami Master Development Plan (April 30,1999), the Port consists of 518
acres of actual landmass. Of the 518 acres, 372.5 acres (71.9 percent) is devoted to cargo
operations, mainly on Lummus Island, and 52 acres (10.0 percent) is devoted to cruise
operations on Dodge Island. The Port also leases 34 acres from the Florida East Coast
Railway at its Buena Vista yard, which is located approximately 2.5 miles northwest of the
Port. This leased property is used as an intermodal container marshaling and storage area
for transshipments.

The Port of Miami is a landlord port, owned by Miami-Dade County, Florida and managed
by the Miami-Dade County Seaport Department. The Port Director reports to the County
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Manager. Facilities are leased to port users and operators. There are three principal
terminal operators at the Port: Seaboard Marine, the Port of Miami Terminal Operating
Company (POMTOC), and Universal Maritime/Maersk. Seaboard Marine’s container
terminal and storage areas are located along the southern portion of Dodge Island and the
southwest corner of Lummus Island. POMTOC’s container terminal is located exclusively
on Lummus Island, as is Universal Maritime/Maersk’s (northeastern portion). The Port’s
infrastructure that supports cargo and cruise ship operations is identified in Table A-1 to
Table A-4.

The berthing areas are identified in Figure A-2. The berth specifications (length, depth,
berthing area, and use) are shown in Table A-1. Cargo supporting storage (transit sheds and
open storage) and gantry cranes are displayed in Table A-2. The specifications for the
gantry cranes are shown in Table A-3. As shown in Table A-3, currently there are three
Panamax and seven Post-Panamax gantry cranes; two super-Post-Panamax gantry cranes are
scheduled to arrive in October 2002. Panamax, Post-Panamax, and Super-Post-Panamax
gantry cranes are designed to reach across 13 containers (approximately 8 feet wide), 17
containers, and 22 containers, respectively.

In addition to gantry cranes, the Port’s cargo handling equipment includes forklifts,
toploaders, and mobile truck cranes including three Mi-Jack 850-P Rubber Tire Gantries
(RTGs), which allow containers to be stacked 6-wide and 4-high.

There are eleven passenger terminals that accommodated 3.3 million passengers in fiscal
year 2000. The Port’s passenger terminals are designated Terminals 1 through 5, Terminal
6/7, Terminal 8/9, Terminal 10, and Terminal 12 (see Figure A-2). The berth and terminal
specifications are identified in Table A-1 and Table A-4, respectively.

As identified in the Port’s 1999 Master Plan, approximately 47.5 acres of the Port’s land
area is utilized by support facilities: parking, 17.0 acres; circulation and open space, 10.5
acres; office — Federal Government, 8.5; recreation, 7.5 acres; office-miscellaneous and
office-Seaport Department, 1.7 acres.

CSX Transportation, Inc serves the Port of Miami. The Miami-Dade County Seaport
Department owns 2.1 miles of trackage at the Port of Miami on Dodge Island, which
consists of a main line track extending the length of the island and a four-track, closed-end
intermodal rail yard. The main track on Dodge Island connects with the Florida East Coast
Railway via a rail bridge. A connection with CSX Transportation, Inc. is effected through
an interchange in the west part of the city of Miami. Moreover, the Port is less than one
mile from major highways: Interstate 95 and Federal Route 1 via Interstate 395, and
Interstate 75 via Dolphin and Palmetto Expressways. The Miami International Airport
(MIA) is located on a 3,300-acre site about five miles northeast of downtown Miami.

There is a private petroleum facility at Fisher Island (see Figure A-2). This facility receives
Number 6 fuel oil and diesel fuel by tankers and barge (integrated tug and barge units -
ITBs). The fuel is used solely for bunkering the Port’s cargo and cruise ships, which are
bunkered at the berth by tank truck or by bunkering barge. This facility has an 800-foot



long berth with a depth of 36 feet and 12 storage tanks having a total capacity of 667,190
barrels.

As reported in the U.S. Army Corps of Engineers’ Port Series No. 16 document (revised
1999), within Metropolitan Miami and Dade County 12 companies operate warehouses
having a total of over 1,000,000 square feet of dry storage space and over 6,000,000 cubic
feet of cooler and freezer space. All except three of the warehouses have railroad
connections, and each is accessible to arterial highways.

Anchorage for deep-draft cargo vessels lies north of the entrance channel to Miami Harbor.
There are no bridges crossing the shipping channels for Dodge and Lummus Islands.



Table A-1: Specifications for Current Berths (Bays)'

Berthing
Berth Length Depth Area’
Number (feet) (feet) (feet) Use(s)
Bays 213, 214, 219 750 32 125 | Cruise, RO-RO’
(Passenger
Terminal 6)
Bays 1-25 3,220 36 125 | Cruise
(Passenger
Terminals 1-5 &
10)
Bays 25 7 -38 1,600 36 125 | Cruise
Bays 38-45 1,680 36 125 | Cruise
(Passenger
Terminals 8 &9)
Bays 45-55 1,200 36 125 | Cruise
Bay 55W 900 36 125 | RO-RO, LO-LO”°
Bay 59W 550 32 125 [ RO-RO, LO-LO
Bay 65W 690 32 125 [ RO-RO, LO-LO

Bays 99-140 5,500 42 125 | Container, RO-RO,

(Gantry Crane LO-LO
Berths)

Bays 144-148 600 25 125 [ RO-RO, LO-LO
Bay 154 670 25 125 | RO-RO, LO-LO
Bay 155 550 25 125 { RO-RO, LO-LO

Bay 165-177 1,450 25 125 | RO-RO, LO-LO

Bays 183-195 1,450 25 125 | Cruise

(Passenger

Terminal 12) *

" Source: Port of Miami, 2000 Official Directory, page 53. Note: Ships’ berths are noted with bay numbers that
begin at the northwest corner of Dodge Island. Bay numbers increase in a clockwise direction around the port

in increments of approximately 120 feet per bay.

? Linear distance perpendicular to the berth bulkhead. Based on the extreme breadth of the largest vessel using
the berth, plus an amount for mooring fenders and cargo discharging equipment.

* Roll-On/Roll-Off; Lift-On/Lift-Off.
* Bay 183 is the Fisher Island Ferry Terminal.




Table A-2: Dry Cargo Facilities and Gantry Cranes

Transit Sheds

Open Storage

Gantry Cranes

General Location

Number

Cargo Space
(Sq. Ft)

Area
(Acres)

Number

Type

Bays 213,214, 219
(Passenger
Terminal 6)

Bays 1-25 "
(Passenger
Terminals 1-5 &
10)

93,000

Bays 25 7 -38

Bays 38-45
(Passenger
Terminals 8§ &9)

288,000

Bays 45-55

119,000

Bay 55W

Bay 59W

Bay 65W

Bays 99-140
(Gantry Crane
Berths)

230°

10

3 Panamax
7 Post-Panamax

Bays 144-148

Bay 154

36,000

Bay 155

Bay 165-177

73,500

Bays 183-195
(Passenger
Terminal 12) °

" Source: Port of Miami, 2000 Official Directory, page 53. Note: Ships’ berths are noted with bay numbers
that begin at the northwest corner of Dodge Island. Bay numbers increase in a clockwise direction around the

port in increments of approximately 120 feet per bay.

* Linear distance perpendicular to the berth bulkhead. Based on the extreme breadth of the largest vessel
using the berth, plus an amount for mooring fenders and cargo discharging equipment.
* Roll-On/Roll-Off; Lift-On/Lift-Off.
* The Port of Miami has 300 acres of open storage. Of the 300 acres, 230 acres is located on the eastern end
of Lummus Island extending east to west from Bays 99 to 148. The remaining 70 acres is located on the

southern end of Dodge and Lummus Islands extending from Bays 148 to 190.
® Bay 183 is the Fisher Island Ferry Terminal.
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Table A-3: Gantry Crane Specifications

Area Lummus Island Lummus Island Lummus Island

Location (Berths) Bays 99-140 Bays 99-140 Bays 99-140

Number 3 7 2

Type Panamax Diesel- Post-Panamax Super-Post-Panamax
Electric, Traveling Diesel-Electric, Electric, Traveling
Gantry Crane with Traveling Gantry Crane with Hinged-
Hinged-Cantilevered | Crane with Hinged- | Cantilevered Boom
Boom Cantilevered Boom

Lift Capacity 40 50 50

Below Spreader

(Long Tons)

Outbound Reach 125 151 213

(feet)

Back Reach (feet) - 85 85

Maximum Clear 135 150 181

Hoist (feet)

Rail Gauge (feet) 100 100 100

" Source: For Panamax and Post-Panamax cranes: Ports of Miami, Port Everglades, Palm
Beach, and Port Canaveral, Florida, Port Series No. 16 Revised 1999, U.S. Army Corps of
Engineers (NDC-99-P-4), page29. For Super-Post Panamax Cranes that are on order and
scheduled for delivery in October 2002, Port Authority specification documentation.

Table A-4: Cruise Passenger Terminals

Passenger Terminal Location Gross Floor Area Year
(Sq. Ft.) Constructed/Significant
Renovation

Terminal No. 1-5 North side of 17,975 (each) 1969-1970
Dodge Island

Terminal No. 6/7 North side of 150,000 1971-1972
Dodge Island

Terminal No. 8/9 North side of 190,000 1978/1996-1997
Dodge Island

Terminal No. 10 North side of 58,000 1986
Dodge Island

Terminal No. 12 South side of 66,500 1988
Dodge Island

1 Source: Table 2.8, Cruise Passenger Terminals, 1999 Port of Miami Master Development

Plan, April 30, 1999.
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CARGO MOVEMENTS AND FLEET COMPOSITION

The Port of Miami handles container, trailer, neobulk (united/bundled), and breakbulk
(loose non-containerized) cargo. As shown in Table A-5, Port Authority records for fiscal
year 2000 (October 1999 to September 2000) report a total of 7,804,946 short tons of cargo.
Containerized cargo, which consists of containers and trailers, represented 97.4 percent of
all cargo: containers 61.8 percent, and trailers 35.6 percent. Neobulk and breakbulk cargo
represented only 2.6 percent of all cargo. Cargo vessels recorded 2,424 calls, or 70.3
percent of all ship calls (3,447). The cargo is carried on container ships, Roll-On/Roll-Off
(RO/RO) ships, and Lift-On/Lift-Off (LO/LO) ships. The LO/LO ships have on-board
cranes, and are primarily used in the Caribbean and Latin American trade, as many of the
ports in these trade areas do not have gantry cranes. The trailer cargo is containerized cargo
that is carried on RO/RO ships that, except for auto carriers, carry fixed-wheel trailers on the
lower decks, and often carry containers on the upper deck. Most cargo is carried on
“cellular” container ships that are designed to carry only containers.

Most of the container and trailer cargo recorded at the Port is classified as general cargo, not
otherwise specified (N.O.S.). Examples of individual classes are refrigerated fruits and
vegetables, miscellaneous apparel, textiles, and foodstuff. Buses and trucks are examples of
breakbulk cargo. Lumber is an example of neobulk cargo.

In addition to handling cargo traffic, the Port of Miami is a major homeport for 17 cruise
ships belonging to Carnival Cruise Lines, Norwegian Cruise Line, and Royal Caribbean
International. These companies offer 4 to 11 day cruises. As shown in Table A-5,
3,364,643 passengers embarked/disembarked, and 1,023 ship calls were recorded in fiscal
year 2000, representing 29.7 percent of the total number of calls.

The vessels currently calling at Miami Harbor range in size from small general cargo vessels
to Royal Caribbean International’s VOY AGER-class cruise ships (length overall, 1,021 feet;
breadth, 156 feet; draft, 28 feet). The largest dry cargo vessel class is the Panamax class of
containership (length overall, 965 feet; breadth, 106 feet; draft, 44 feet). A Panamax class
vessel is a vessel with dimensions that allow it to transit the Panama Canal: 950 feet long
with a beam of 106 feet, except for passenger and container ships, which may have a length
of 965 feet (lock dimensions are 1,000 feet long and 110 feet wide). The Panama Canal has
a vessel draft restriction of 39 feet, 6 inches freshwater (equivalent to 38 feet, 8 inches
saltwater).
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Table A-5: Miami Harbor Waterborne Commerce Fiscal Year 2000
Cargo Short Tons Percentage Ship | Percentage of
/Passengers Of Total Calls | Total Calls
Cargo
Tonnage
Container 4,827,102 61.8%
Trailer 2,771,475 35.6%
Other * 206,369 2.6%
Cargo Tonnage Total | 7,804,946 100.0% 2,424 | 70.3%
Passengers 3,364,643 1,023 | 29.7%
Total Ship Calls 3,447 | 100.0%
" Source: State of the Port 2001, Port of Miami.
2 Neobulk (united/bundled) and breakbulk (loose non-containerized) cargo.

PROBLEMS AND OPPORTUNITIES

Channel Widening

Channel widening measures comprise widening the seaward portion of the entrance channel
from 500 feet to 800 feet (Component 1C), dredging the widener between buoys 13 and 15
(Component 2A), and widening Fisherman’s Channel approximately 100 feet to the south
(Component SA). The purpose of Channel Widening is to increase safety, reduce damages,
reduce delays, and avoid increases in tug assist costs for the Post-Panamax vessels that are
expected to call in the future. Ships have grounded at entrance due to currents. Existing
conditions allow surging that prevents cargo vessels at berth from discharging or loading
cargo when a vessel passes.

In the without-project condition, as Post-Panamax vessels begin to call, grounding
frequency and associated safety reduction and incurred damages will increase. Surging

caused by passing vessels will worsen. The Post-Panamax vessels will require extra tug
assistance.

In the with-project condition, groundings will be significantly reduced. Surging caused by
passing vessels will be lessened. Post-Panamax vessels will require less tug assistance.

Benefits attributable to channel widening include: (1) reduced damages; (2) reduced delays
(vessels holding until grounded vessel is removed and less interruption to discharging

vessels); (3) increase in navigation safety; (4) reduced transit times; and (5) reduced tug
assist costs.
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Fisher Island Turning Basin Extension

The existing Fisher Island Turning Basin is not large enough for the Post-Panamax container
ships that are expected to call in both the without- and with-project conditions to turn.
Without the Fisher Island Turning Basin Extension (Component 3B), these vessels can turn
in the previously authorized 42-foot deep Lummus Island Turning Basin, but extending the
Fisher Island turning basin would provide a closer place to turn for the larger vessels.
Therefore, this increment would provide more flexibility in allocating turning basin use
among vessels, leading to timesaving efficiencies.

Shipping Channel, Fisher Island Turning Basin, and Lummus Island Turning Basin
Deepening

Panamax and future-calling Post-Panamax container vessels arriving to or departing from
Miami Harbor cannot fully load because of current channel depths. In the without-project
condition, this light loading of vessels will sustain current transportation costs. Deepening
the channel will allow vessels to more fully load, increasing efficiency. Benefits to

deepening are reduced transportation costs resulting from the partial or full elimination of
light loading.
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METHODOLOGY
GENERAL

National Economic Development (NED) benefits will be assessed for the alternatives
identified in the PROBLEMS/OPPORTUNITIES section following the methodology for
deep draft commercial navigation analysis described in the Economic and Environmental
Principles and Guidelines for Water and Related Land Resources Implementation Studies
and other relevant Corps of Engineers analyses and policy guidance.

Benefits equal the difference between without- and with-project transportation costs. All
costs are adjusted to the base year of the project, 2009, and are then converted to Average
Annual Equivalent (AAEQ) values using the Fiscal Year (FY) 2002 Federal discount rate of
5.875 percent, assuming a 50-year study period. All costs are at October 2002 price levels.
The benefits estimated for the separable elements of each alternative will be compared to its
cost to determine its economic justification. The plan that maximizes net benefits (benefits
less cost) is the National Economic Development (NED) Plan. The NED Plan is the Federal
recommended plan, and may or may not be equal to the locally preferred plan.

Specific procedures, assumptions and parameters for estimating vessel utilization savings
(deepening benefits), vessel operational time savings (delay reduction benefits), and benefits
during construction are discussed in the BENEFITS section of this Appendix under
BENEFIT ESTIMATION PROCEDURES/ASSUMPTIONS/PARAMETERS.

Please note that the same type of summary values in the tables presented herein, for example
total export short tons for 2000, may not exactly match each other due to the rounding of
values and/or to values obtained from different sources. These differences are insignificant
and as such do not affect the analysis.

DESIGN VESSELS

A design vessel represents the largest vessel class that is expected to call over the study
period of analysis. It is important to identify the design vessel(s) so that decision makers
can be reasonably confident that the significant study and project costs will result in a
channel design that will accommodate vessel traffic for the foreseeable future at Miami
Harbor. As previously discussed, Miami Harbor is a “clean port”; that is, it does not handle
bulk cargoes or potentially dangerous or hazardous cargos such as fuel oil. Accordingly,
only two types of vessels need to be considered: container ships and passenger (cruise)
ships.

To identify the design vessels, the following steps were taken: (1) the world fleet and ships
on order were reviewed using Lloyd’s Register of Ships CD ROM., which includes ships on
order through 2005; (2) future projections from companies like Clarkson’s Research Studies
were reviewed; and (3) cargo shipping companies and cruise ship companies were contacted
to get their assessment on the largest vessels that will call at Miami Harbor in the
foreseeable future.
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The container ship design vessel research focused on Maersk, as (1) it is the largest
container ship company in the world, (2) its fleet consists of the largest container ships in the
world, (3) its vessels provide liner service at the Port of Miami, and (4) its terminal
subsidiary, Universal Maritime, operates a terminal at the Port of Miami.

Maersk advised the District that the largest container ships that it would use at the Port of
Miami in the near-term future are its 6,600-TEU S-Class container ships that are 1,138.4
feet long with an extreme breadth 140.8 feet and a design draft of 47.6 feet. Maersk has 18
S-Class vessels in its fleet, which are currently deployed in the Europe-Far East trade and
the Far East-U.S. West Coast trade.

In 1998, Maersk tested the utilization of one of its six 6,000-TEU K-Class container ships,
the REGINA MAERSK, at U.S. East Coast ports. The K-Class vessels are smaller than the
S-Class ones. They have a length of 1,044.1 feet, an extreme breadth of 140.4 feet, and a
design draft of 47.6 feet. The REGINA MAERSK could not call at Miami Harbor because
the Port lacked a turning basin to accommodate the vessel. With the construction of the
previously authorized 1,500-foot diameter Lummus Island Turning Basin in the without-
project condition, Post-Panamax container ships can call at Miami Harbor, albeit light-
loaded, prior to the base year of the project.

A review of the dimensions of every steamship company’s in-service and on-order (through
2004) container ship fleet in Lloyd’s Register of Ships demonstrated that the Maersk S-
Class vessels are representative of the largest container ships in the world fleet that will call
on a regular basis at Miami Harbor. Therefore, the SUSAN MAERSK was selected as the
container ship design vessel.

Lloyd’s Register of Ships was also reviewed for the selection of a cruise ship design vessel.
Based on the review, the Royal Caribbean International's VOYAGER OF THE SEAS was
selected as the design vessel for the study. It is 137,300 GRT, is 1,021 feet long, and has a
beam of 156 feet and a design draft of 28.2 feet. This cruise ship, which is currently calling,
is considered the largest cruise ship likely to call at Miami Harbor for the foreseeable future.
Presently, Royal Caribbean International has two VOY AGER-class ships calling a Miami
Harbor: the VOYAGER OF THE SEAS and the EXPLORER OF THE SEAS. The draft
requirement of the design vessel does not present a problem as the Main Channel has a
project depth of 36 feet. Modern cruise ships are designed with drafts that can be
accommodated by the shallow depths at their ports-of-call. However, the QUEEN MARY
II, which is scheduled for completion in 2003, will be 1,131 feet long with a beam of 131
feet and a design draft of 32.8 feet. Thus, the QUEEN MARY Il is 110 feet longer than the
VOYAGER OF THE SEAS, but its beam is 25 feet less. Because it is longer, and could
potentially call, the SUSAN MAERSK container ship with a length of 1,138 feet and a
beam of 141 feet was turned in the Main Channel Cruise Ship Turning Basin during the ship
simulation. There were no problems with turning the large container ship.

Because of the growth in cruises, channel improvements, as well as a Dodge Island turning
basin, are being considered for the Dodge Island Terminal Number 12 (south western side
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of Dodge Island). In November 2001, Celebrity Cruise Lines” HORIZON began utilizing
this terminal. The HORIZON is 682 feet long, with a beam of 96 feet, and a draft of 24 feet.
Based on discussions with the Port, the CARNIVAL DESTINY was selected as the design
vessel for this project alternative. The CARNIVAL DESTINY is 893.5 feet long, with a
beam of 116, and a draft of 27 feet.

The specifications of the design vessels are summarized below:

Container ship: SUSAN MAERSK.

Length Overall: 1,138.4 feet.

Extreme Breadth: 140.8 feet.

Maximum Draft: 47.6 feet.

Cargo Capacity: 6,600 TEUs reported by Maersk (6,418 TEUs reported in Lloyd’s Register
of Ships).

For Berths (Bays) 213 to 219 and 1 to 50 at northwest side of Dodge Island using the Main
Channel:

Cruise Ship: VOYAGER OF THE SEAS.

Length Overall: 1,020.7 feet.

Extreme Breadth: 155.5 feet.

Maximum Draft: 28.2 feet.

Passenger Capacity: 3,840.

For Berths (Bays) 183 to 195 at southwest side of Dodge Island using Fisherman’s Channel:
Cruise Ship: CARNIVAL DESTINY

Length Overall: 893.5 feet.

Extreme Breadth: 116.6 feet.

Maximum Draft: 27.2 feet.

Passenger Capacity: 2,642.

17



BENEFITS
PORT AND INDUSTRY TRENDS

Cargo and Passengers

Historical Cargo Traffic

The direction of cargo movements for Miami Harbor for fiscal year 2000 is displayed in
Table A-6. As reported in the Port’s Performance Report (Statistical), September 2000,
57.18 percent of commodity movements were inbound (foreign imports and domestic
receipts). Of all inbound movements, 89.06 percent were foreign imports. Likewise, on the
outbound side, 94.72 percent were foreign exports. Thus, the origin of inbound cargo and
destination of outbound cargo are mostly foreign ports. Consequently, 91.48 percent of all
cargo was transported on foreign flag vessels.

As shown in Table A-7, historically the annual distribution of import and export tonnage
has been close with import tonnage representing only slightly more. Over the 10-year
period 1990 to 2000, import tonnage has averaged 52 percent of the total annual tonnage
with a tight range from 49.25 percent in 1992 to 57.18 percent in 2000. Slightly higher
import tonnage reflects the general U.S. trade deficit situation.

Table A-8 displays cargo traffic by trade region for fiscal year 2000. The South American
trade region recorded the most tonnage with 24.18 percent of all cargo tonnage. The
European trade region was a close second with 23.81 percent. The Central American and
Caribbean trade regions recorded 20.48 percent and 15.47 percent, respectively. The Far
East/Asia/Pacific trade represented 11.37 percent. Domestic, North American, trade
represented 4.10 percent; and Middle East/South West Asia/Africa represented 0.58 percent
of all tonnage in 2000. Thus, the Latin American and Caribbean trade region represented
60.14 percent of all cargo tonnage recorded at Miami Harbor. This trade region along with
the European and Far East trade regions represents 95.32 percent of all tonnage handled at
the Port. As shown in Table A-8, except for the Caribbean and South American trade
regions, import tonnage exceeds export tonnage.

Historical tonnage for these three trade regions for the 10-year period 1990 to 2000 is
displayed in Table A-9. These regions have historically represented about 96 (95.75)
percent of all tonnage handled at the Port. All three regions have experienced significant
positive growth for both the 10-year period as well as the 5-year period 1995 to 2000, except
for the Far East region. The negative growth in the Far East trade region is due to an
exceptionally high amount of tonnage in 1995, which skews the compound annual growth
rate. But, in fact the tonnage for the Far East trade region has remained stable from 1994 to
2000 when excluding the tonnage recorded in 1995, varying within a tight range of 805,330
short tons in 1998 to 887,509 short tons in 2000. The European trade region has
experienced the highest compound annual growth rates: 9.94 percent for the 10-year period
and 14.28 percent for the 5-year period.

The list of the top ten trade countries for Fiscal Years 1992 and 2000 are compared in Table
A-10. In 1992, the Latin American and Caribbean countries dominated with 50 percent of
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Table A-7: Historical Tonnage Export/Import (Short Tons)

Year| Export| % of Total] Import| % of Total Total
1990(1,579,809|  43.99%(2,011,128 56.01%13,590,937
1991(1,886,942|  48.60% 1,995,342 51.40%|3,882,284
1992|2,332,873 50.75%|2,263,608  49.25% 4,596,481
1993|2,568,576|  49.41%2,629,716| 50.59%|5,198,292
19942,775,575 49.79%/2,798,677 50.21%15,574,252
1995|2,778,368 47.57%|3,062,447 52.43%5,840,815
1996(2,899,486)  49.48%/2,960,052 50.52%15,859,538
1997|3,364,124,  49.95%3,371,264 50.05%16,735,388
1998(3,480,397,  49.32%3,576,267 50.68%|7,056,664
19993,190,769| 46.04%|3,739,603 53.96%6,930,372
2000{3,341,760| 42.82%4,463,186| 57.18%|7,804,946
Compound
Annual
Growth
Rate
1990-2000, 7.78% 8.30% 8.07%
1995-2000, 3.76% 7.82% 5.97%
Source: Port reports.

Table A-8: Regional Cargo Traffic By Trade Region Fiscal Year 2000 (Short Tons)

% of Region % of Region
Region Export Total Import Total Total| % of Total
Caribbean 894,252 26.76%] 313,280 7.02%] 1,207,532 15.47%
Central America 719,388 21.53%] 879,169 19.70%] 1,598,557 20.48%
Europe 344,650 10.31%] 1,513,975 33.92%] 1,858,625 23.81%
Far East, Asia,Pacific 278,311 8.33%| 609,198 13.65%] 887,509 11.37%
Middle East, SW Asia, Africa 9,042 0.27% 35,840 0.80% 44,882 0.58%
North America 78,347 2.34%| 242,043 5.42%] 320,390 4.10%
South America 1,017,768 30.46%| 869,682 19.49%| 1,887,450 24.18%
Total| 3,341,758 100.00%] 4,463,187 100.00%] 7,804,945| 100.00%
42.82% 57.18% 100.00%
Source: State of the Port 2001, Port of Miami.
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Table A-12: Historical Number of TEUs

Year TEUs
1990 373,851
1991 408,034
1992 519,954
1993 572,170
1994 629,259
1995 656,175
1996 706,217
1997 761,183
1998 813,762
1999 777,821
2000 868,178
Compound
Annual
Growth
Rate
1990-2000 8.79%
1995-2000 5.76%
Source: State of the Port reports
and Performance Reports,
Port of Miami. |

Table A-13: Historical Number of Passengers

Year Passengers
1990 2,734,816
1991 2,928,532
1992 3,095,487
1993 3,157,130
1994 2,967,081
1995 2,974,703
1996 3,052,450
1997 3,191,885
1998 2,960,264
1999 3,112,355
2000 3,364,643
Compound
Annual
Growth
Rate
1990-2000 2.09%
1995-2000 2.49%
Source: State of the Port reports
and Performance Reports,
Port of Miami. |
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the top 10 import countries and 80 percent of the top 5 import countries. In 2000, there were
an equal number of countries from the European and Latin American and Caribbean trade
regions. This finding is consistent with the high compound annual growth rates for the
European trade region displayed in Table A-9. From 1992 to 2000, the list of top ten export
countries remained dominated by countries within the Latin American and Caribbean trade
region, which accounted for 9 of the top 10 countries and all 5 of the top 5 countries. The
only change is that an Asian trade region country, Japan, replaced Spain, a European trade
region country.

The list of top ten commodities for Fiscal Years 1992 and 2000 are compared in Table A-
11. The most significant difference between the two years for both imports and exports is
the inclusion of the cargo category General Cargo, N.O.S. (Not Otherwise Stated) for fiscal
year 2000. The amount this category represents, 45.17 percent of imports, and 63.07% of
exports, which accounts for its significance. Of the “stated” commodities, the most
significant is the cargo category of Tiles, Marble & Granite found under imports. It is
significant because this commodity is an import from Europe (Spain and Italy), and has
increased from 223,352 short tons in 1992 to 544,486 short tons in 2000, or an increase of
144 percent. The significant growth in this cargo is an individual example of the significant
overall growth rate for commodities in the European trade region, as shown in Table A-9;
as well as the increase in the number of European countries in the top 10 import countries
displayed in Table A-10.

The historical total annual number of TEUs is displayed in Table A-12. Typically 70
percent are full containers. The compound annual growth rates are consistent with those for
tonnage displayed in Table A-7: 1990 to 2000, TEUs 8.79 percent, tonnage 8.07 percent;
1995 to 2000, TEUs 5.76 percent, tonnage 5.97 percent.

Historical Cruise Ship Passengers

The historical annual number of cruise ship passengers is shown in Table A-13 for the 10-
year period 1990 to 2000. The number of cruise ship passengers has increased by 629,827
passengers, or an increase of 23 percent from 1990 to 2000. This growth results in a
compound annual growth rate of 2.09 percent. Moreover, for the period 1995 to 2000, the
compound annual growth rate is slightly higher, 2.49 percent.

Future Container and Trailer Cargo Traffic

As shown in Table A-5, container and trailer cargo represents 97.4 percent of all cargo. The
remaining 2.6 percent consists of neobulk and breakbulk cargo. Historical growth rates for
these commodity types are displayed in Table A-14 for the 10-year period 1990 to 2000.
Container cargo grew from 2,225,152 short tons in 1990 to 4,827,102 short tons in 2000,
which represents a 117 percent increase, or a compound annual growth rate of 8.05 percent.
For the 5-year period 1995 to 2000, the compound annual growth rate was about 3 percent
lower (5.04 percent). This resulted from slower growth in export container trade for this
period (1.98 percent). Container imports demonstrated the most growth. From 1990 to
2000, the compound annual growth rate was 9.02%, and only about 2 percent lower for the
period 1995 to 2000.
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The overall compound annual growth rates of 9.02 percent for imports and 6.46 percent for
exports are higher than the overall world and overall United States rates. As reported in
Lloyd’ Register’s Fairplay Market Forecast - Container (February 2000), “Containership
trade expansion has nearly doubled the world growth rate in the 1990s. Loaded TEU
volumes averaged just under 7 percent annual growth in the 1990s.” In “U.S. Industry &
Trade Outlook 20007, The McGraw-Hill Companies reported an annual growth rate in
United States liner import trade of 7.5 percent and 3.6 percent for United States liner export
trade for the period 1993 to 1999.

Historically, cargo growth has varied by trade region and by direction (origin/destination).
It is expected that cargo will continue to grow in a similar pattern in the future; that is, the
future will reflect, in part, the past, as no significant changes in the pattern of cargo traffic
are anticipated without or with the project. Historical export and import tonnage by trade
region is presented in Table A-15 and Table A-16, respectively. Using compound average
annual growth rates for exports and imports for each trade region rather than a single,
composite compound average annual growth rate for all cargo traffic will result in a more
accurate cargo projection by significantly reducing the uncertainty associated with using a
general composite rate.

Exports: Tonnage for the Caribbean, South America, Central America and Mexico are
combined into one category, Latin America and Caribbean. Cargo is shipped in both
containers and trailers. At the Port of Miami, all cargo shipped in trailers is within this
general trade region. As shown in Table A-15, export growth has been fueled by South
American trade (11.59 percent) from 1990 to 2000. However, slower growth (2.12 percent)
in this trade between 1995 and 2000 has offset significant average annual growth in the
Caribbean and Central American and Mexico trades: 11.87 percent and 11.92 percent,
respectively. The average annual rate of growth in exports to Europe is greater during the
second half of the period 1990 to 2000: 9.44 percent compared to 4.68 percent, respectively.
In contrast, exports to the Far East have a very high average annual growth rate (28.25
percent) for the period 1990 to 2000, but they have been positive but modest (0.47 percent)
from 1995 to 2000. Exports to the Middle East/South West Asia/Africa are marginal in
relative volume (9,042 short tons in 2000) and have demonstrated negative growth (-12.09
percent) from 1990 to 2000. North American exports are almost nonexistent until 1994,
when there was a major single-year increase in tonnage (314,615 short tons). In contrast,
the following year only 20,884 short tons were exported. From 1996 to 2000, North
American exports (shipments), which include U.S. domestic and Canadian cargo, have
recorded an average annual rate of growth of 3.78 percent, compared to the 28.56 percent
from 1995 to 2000, which is skewed by the relatively low tonnage recorded in 1995
compared to later years. Canadian trade tonnage is only about 13.4 percent of the North
American inbound trade; and 12.1 percent of all North American trade tonnage.
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Imports: As shown in Table A-16, imports for the Latin America and Caribbean trade
recorded a lower average annual growth rate than exports for the period 1990 to 2000: 6.14
percent compared to 7.37 percent. This is the result of modest (1.91 percent) annual growth
in Caribbean imports from 1990 to 2000, demonstrating no growth from 1995 to 2000, and
modest growth (0.59 percent) in the South America trade. In contrast, European imports
were robust over the period 1990 to 2000, and even stronger between 1995 and 2000,
recording average annual growth rates of 11.66 percent and 15.57 percent, respectively. Far
East imports were robust between 1990 and 2000, recording an average annual growth rate
of 8.14 percent. In contrast, for the period 1995 to 2000, the average annual growth rate was
—5.14 percent. This is due to the highest amount of import tonnage being recorded in 1995.
Using the period 1996 to 2000 results in a more accurate representation of the more recent
past, showing positive but modest average annual growth (0.84 percent). Imports in the
Middle East/South West Asia/Africa trade recorded a modest average annual growth rate
(1.78 percent) for the period 1990 to 2000, with a negative average annual rate (-15.76
percent) for the period 1995 to 2000. North American imports (receipts), which include
U.S. domestic and Canadian cargo, recorded robust average annual growth rates for both the
1990 to 2000 and 1995 to 2000 periods, 17.49 percent and 12.00 percent, respectively.

With respect to projecting future growth in cargo traffic, Corps guidance states: “Generally,
specific commodity studies are of limited value for projections beyond approximately 20
years. Given this limitation, it is preferable to extend the traffic projections to the end of
project life through the use of general indices on a regional and industry basis.” (Principles
and Guidelines, page 63). Historical cargo traffic trends and near-term general economic
activity indicators are used to project future cargo traffic over the project life consistent with
the guidance, which is intended to account for progressively greater levels of uncertainty.

National and regional economic indicators that are relevant to the general level of economic
active are presented in Table A-17. The indicators are average annual rates of change
(growth). Historical rates are shown for the period 1990 to 2000, as are near-term
forecasted rates for the period 2000 to 2010. This information was obtained from various
sources; for example, the estimated compound average annual growth trade for exports and
imports was obtained from an article entitled “The U.S. economy to 2010 the Monthly
Labor Review, November 2001, published by the U.S. Department of Labor.

The projected national average annual rates of change for exports and imports for 2000 to
2010, weighted per goods handled at Miami Harbor, are used as a guide to growth in export
and import cargo from 2001 to 2029 (year 20 of the project life). Specifically, the values are
used to set the upper boundary of the annual rate of change (growth) that any trade region
will experience on average. The maximum average annual growth rate was set 7.6 percent
for imports and 6 percent for exports. If the historical average annual rate of growth
exceeded this rate, it would be reduced to this level. For those regions that experienced
average annual growth rates less than this maximum, the historical (1990 to 2000) average
annual rate of growth was used through 2029.

Using this method of setting an upper growth rate parameter that represents a national
average, accounts for the distribution of future cargo traffic between U.S. East Coast ports.
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Specifically, the projected future cargo traffic at Miami Harbor is less likely to include a
shift of some cargo traffic from other U.S. East Coast ports.

Corps guidance recommends using “general indices on a regional and industry basis” after
year 20 of the project life. The Bureau of Economic Analysis (U.S. Department of

Commerce) was the main source of the long-term regional projections. However, it

discontinued preparing and publishing its OBERS projections in 1996. In lieu of these
projections, other general economic activity indicators were reviewed for the purpose of
projecting cargo growth after year 20 of the project life: national gross domestic product
(GDP), gross state product (GSP), and national, state and regional (Miami) personal income
and population growth. This economic data is presented in Table A-17. As noted in the
Table, national data was obtained from publications prepared by the Bureau of Economic
Analysis, BEA, (U.S. Department of Commerce) and the Bureau of Labor Statistics, BLS,
(U.S. Department of Labor); while state and regional data was obtained from the Bureau of
Economic and Business Research, BEBR, (University of Florida).

Table A-17: National and Regional Economic Indicators of Cargo Exports and Imports-Average

Annual Rate of Change (Growth)
Weighted per Weighted per
National - U.S. All Goods |Miami Goods | All Goods |Miami Goods Personal
GDP' GSP? Exports ' Exports Imports ' Imports * Income '

Period (real dollars) | (real dollars) | (real dollars) | (real dollars) | (real dollars) | (real dollars) | (current dollars) | Population
1990 - 2000 3.20 3.46 7.80 5.70 10.20 9.50 5.40 1.23°2
2000 - 2010 3.40 8.10 6.00 8.40 7.60 5.50 0.86*
2010 - 2020 0.81°*
2020 - 2030 0.78"*
2030 - 2040 0.72*
2040 - 2050 0.68 *
2050 - 2060 0.68*

Regional

Florida
1990 - 2000 3.72° 6.28° 21172
2000 - 2010 6.45° 1.66°
2010 - 2020 7.01° 1.45°
2020 - 2030 1.19°
2030 - 2040
2040 - 2050
2050 - 2060

Miami PMSA
1990 - 2000 5.31° 1.547
2000 - 2010 571° 1.46°
2010 - 2020 6.53° 1.14°
2020 - 2030 0.96°
2030 - 2040
2040 - 2050
2050 - 2060

" Bureau of Labor Statistics, U.S. Department of Labor.

I? Bureau of Economic Analysis, U.S. Department of Commerce.

i Compound average annual rates for cargo types specifically handled at the Port of Miami weighted by their relative tonnage

in fiscal year 1999.

* U.S. Census Bureau.

> Bureau of Economic and Business Research, University of Florida.

As shown in Table A-17, state and regional economic indicators (GSP, personal income and
population growth) have historically been equal to or slightly greater than the same national
values. This is true for near-term projections of personal income and population average
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annual growth rates. Based on this fact, national GDP was selected as a general economic
indicator of the base level of economic activity for the Port of Miami that estimates that 70
percent of all cargo handled by the Port originates or is destined for the Miami area.

Accordingly, after 2029, the national GDP for the period 2000 to 2010, or 3.4 percent, is
used as a guide to projecting the average annual growth rate between 2029 and 2059. This
value represents roughly one-half (50 percent) of the compound average annual growth
rates set for imports (7.6 percent) and exports (6.0 percent): 44.7 and 56.6 percent,
respectively. As such, one-half of the expected average annual growth rates projected for
2001 to 2029 were assumed to be the upper boundary for the average annual rate of change
(growth) that any trade region would experience. For example, for a region with the
maximum upper boundary import rate of 7.6 percent for the period 2001 to 2029, its upper
boundary for the period 2029 to 2059, would be 3.8 percent, or slightly more (+0.4 percent)
than the GDP annual rate of change (growth) in real dollars projected for 2000 to 2010.
Regions with lower rates for 2001-2029 would have rates less than 3.8 percent. The
maximum upper boundary export annual rate is 3 percent or slightly less (-0.4 percent) than
the GDP annual rate of change (growth).

A modification of this procedure was used for North America. For North America, only
about 12 percent of the cargo is Canadian. So, all North American cargo is considered U.S.
domestic cargo for the analysis. Based on a review of U.S. Domestic/Miami Harbor
waterborne commerce for calendar year 2000, it was determined that almost all of the goods
are manufactured products (7900, not elsewhere classified). As such, the Labor
Department’s projected average annual rate of growth for durable goods, 4 percent, for the
period 2000 to 2010 is used for the rate of growth for the period 2003 to 2029 rather than the
projected export and import rates weighted for a variety of goods; and 2 percent or one-half,
for the period 2029 to 2059. The Port Authority provided actual cargo tonnage and TEUs
for 2001 and 2002. A summary of projected average annual rates of growth, as well as
effective average annual rates of growth, by trade region is presented in Table A-18.

As shown in Table A-18, the overall average annual growth rate for all regions is 4.76
percent for the period 2003 to 2059, and 4.52 percent over the project life, 2009 to 2059.

In Table A-19, projected cargo traffic is displayed in TEUs. The number of TEUs handled
by the Port of Miami increases from 980,743 in 2002 (actual) to 13,793,050 in 2059.
Approximately 30 percent of the total TEUs are empty containers. Also shown in this table
is the relative proportion (percentage) of total TEUs each trade region represents. Over the
57 years the relative proportions change due to varying projected growth rates. Latin
America/Caribbean, Middle East and North America decline, while Far East and Europe
increase. The increase in European and Far East trade is consistent with current and
projected burgeoning market trends for countries within these general trade regions, for
example, Russia and Poland, China and Vietnam. Projected short tons are displayed in
Table A-20.
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Table A-19: Summary of Projected TEUs by Trade Region from 2002 to 2059

Latin
America & Far East Middle North All
Caribbean | Container | Trailer Container| Trailer (Asian) Europe East America Regions
TEUs TEUs TEUs TEUs TEUs TEUs TEUs TEUs TEUs TEUs | TEUs | TEUs | TEUs | TEUs TEUs TEUs Total
Year Full Full Full | Empty | Empty | Empty Full Empty Full Empty | Full |Empty] Full Empty Full Empt TEUs
2002 417,609 129,459| 288,150 78,97 55,482 123,493 85,592 36,682 53,749 65,892[15,096| 6,470] 14,475 ,204 686,521 ._294 23 980,743
00: 442,918 37,305| 305,614 9,822 58,845, 130,977 91,673 39,288, 64,522 705 ,281| 6,549 ,054 452 729,449 12,621| 1,042,069
004 469,762 45,626| 324,136 1,326) 624 138,915 98,190 42,081 76 ,O‘Q 75,45 ,470| 6,630 ,656 ,710 775,150 32,207| 1,107,357
005 4,45 43,781 3,52 66,194 47,334 05,176 45,075 188,455 80,76 ___;Q. 712 ,282 978 823,80 53,060 1,176,868
2006 5284 63,81 64,616] 226,470 70,206 56,264 12,663 48,284| 201,732 86,45 ,857| 6,796 ,934| 7,257 875, 75,264| 1,250,879
2007 560,4 73,74 36,715 40,195| 74,46 65,735 20,690 51,724 215,970 ,558 16,056 6,88 611] 7,548 0, ,907| 1,329,689
| 2008 594,425 84,27 410,153] 254,753| 78,97 75,780] 29,294 55,412 31,238 ,102] 16,259| 6,9€ 8,315| 7,849 089,53 424,084 1,413,615)
009 630,452 95,44 435,012| 270,193 .7 86,433 138,518 59,365[ 247,613 06,120 16,465 7,05 19,048 8,163 0 450,898| 1,502,994
0 668,663| 207,286, 461,378 286,570 ,83 97,733| 148,407 63,603] 265,176 13,647(16,675| 7,146] 19,810| 8,490 1,118,7: 479,456| 1,598,187
0 709,191 219,849 489,341 303,939 94,221] 209,718 159,010 68,147 284,016 1,721(16,888| 7,238 20,602] 8,830] 1,189,706 509,874 1,699,580
2 752,175| 233,174| 519,000( 322,360 99, 222,429| 170,377 73,019 04,226 0,382/17,105| 7,331| 21,426 9,183 1,265,309 42,275 1,807,584
797,764 247,307| 550457 341,899| 105,98 235,910 182,565 78, 43] 25,907 9,674]17,326| 7,426 22,28 9,550 1,345,84 76,791| 1,922,637
4 346,11 262,296 583,821| 362,621| 1124 250,209| 195,634 ,843| 349,169 49,644{17,552] 7,522 23,17 9,932| 1,431,64 ,562| 2,045,209
5 97,40: 278,195 ,207| 384,600| 119,22 265,374 09,64/ ,84 74,128 60,340 17,7 7.620| 24,102 10,329 1,523,061 ,740{ 2,175,800
016 951,7! 295,056 356,73 407,912| 1264 281,45 24,67 ,290| 400,910, 171,818[18,014] 7,720| 25,066| 10,742| 1,620,461 D4,483| 2,314,943
017 | 1,009,486 312,94 ,54 432,636| 134, 298, 40,79 103,196 429,650; 184,136| 18,2 7,822 26,06 11,172] 1,724,247 ,962| 2,463,210
018 [ 1,070,6' 331,90 ,765| 458,860 142,246 316, 258,07 110,803 460,494| 197,354 18,4 7,9?' 7, 11,619'_ ,834,848| 786,362 2,621,207
019 | 1,135,57¢ 352,027| 783,54 486,672] 150,868 135,804/ 76,610 ,54 493,597 54 ,739| 8,031 8, ,084| 1,952,711 36,875| 2,789,587
020 | 1,204,40 373,364 831,03 516,171 60,0 56,158| 6,489 27,067 529,127 26,76 ,989| 8,138] 29,32 ,567] 2,078,330 90,712| 2,969,042
021 277 405 9 6| 881,410] 547,459 7 77,747, 7,810 ,204 67,265 43,1 .244| 8,247| 30,4 ,070| 2,212,220 48,093| 3,160,314
12022 | 1,354,834 419,999| 934,836 580,64 ,999| 400,644 40,679 48,005 08,204 60,659 19,50: ,358] 31,7 ,593| 2,354,937| 1,009,258 3,364, 95|
[ 2023 | 1,436,958 445,457] 991,50 ,838]_190,910] 424,92 65,210] 156,518| 652, 79,494/ 19,767| 8.471| 32,085] 14,136] 2,507,072[1,074.458| 3581,
024 524,060 472,459| 1,051,60 553,16 02,482| 450,686 522 67,795| 99,715/20,035| 8,587 34,304| 14,702| 2,669,257| 1,143,966 3,813,22
0: .616,442| 501,097| 1,115,345 .76 4.75—61 478,005| 419,748 179,892 49, 21,4251 20,309| 8,704| 35,67 ,290( 2,842,167| 1,218,070
0 714,425 531,472 1,182,953| 734,753| 227,773 506,979| 450,027 192,869| 804,382 44,735(20,587| 8,823 37,10: ,9C ,026,525| 1,297,081 —l
0 818,348 563,688{ 1,254,660 779,2! 41,580 37,711|  482511| 206,790 862,784 ,764(20,8 8,944| 38,58 A ,223,100] 1,381,327 6.604,4._7'
| 2028 | 1,928,571| 597,857|1,330,714| 8265 256,224 70,306] 517,359 221,725| 925,496 6,64 B 9,068| 40,13 199 ,432,716| 1,471,162| 4,903,878
9| 2,045477| 634,098) 1,411,379 876,63 271,756| 604,876 554,747| 237,749] 992,84 425,5( 4 9,193| 41,736 17,887 656,253 1,566,964| 5,223,216
0] 2,107,474 653,317] 1,454,157| 903, .Oq 279,993 623,209 74,804 46,344/ 1,02 441,000{21,601] 9,257 42,57 ,245| 3,775,451| 1,618,049| 5,393,500
1 ,171,350| 673,118| 1,498,231 930,577| 288,479| 642,098 95,592 55,254/ 1,066, 457,071121,751] 9,322 43,42 ,610[ 3,898,616/ 1,670,834| 5,569,450
2| 2,237,162 693,520| 1,543,642 958,78 297,223 661,560 17,139 64,488) 1,105, 473,737[21,903| 9,387| 44,29 ,082| 4,025,882 1,725,376 5,751,258|
2033 | 2,304,969] 714,540| 1,590,429 87,84 06,231 681,612 471]  274,059] 1,145, 491,019{22,056| 9,453 45,177 , 4,157,386| 1,781,735] 5,939,12
2034 | 2,374,832 736,198| 1,638,634 1,017,784 15,513| 702,271 ,619 83,979 1,187, 08,941/22,211| 9,519] 46,080 ,749| 4,293,273 1,839,97. ,133,246
2035 2,446,812| 758,512 1 300/ 1,048,6 25,076| 723,557 ,612 94,262 30, 27,627(22,367| 9,586| 47,002 ,144| 4,433,692 1,900,15: 333,844
036 | 2,520,974 781,502| 1,739,472| 1,080,417 34,929| 745,487 48 04,920| 1,275, 46,802 22,524 ,653| 47,94 ,547] 4,578,795 3! 541,134
037 | 2,597,385| 805,189| 1,792,196| 1,113,164 ,081| 768,083| 737,25 15,968| 1,322,514 66,7 A ,721| 48,90 0,957| 4,728,742 755,344
038 | 2,676,11 829,595 1,846,517| 1,146,904 355,540 791,364 763,97 327,419( 1,370,885 87, 22,844 ,790[ 49,87 377] 4,883,697 2,093, 6,976,708|
039 | 2,757,22 854,740 1,902,485 1,181,667 366,317 15,350 791,67 339,288 1,421,049 9, ,005 ,859( 50,87 ,804] 5,043,829| 2,161, 7,¢05,4§|
040 | 2,840,798 880,647 1,960,150| 1,217,483| 377,420 840,064| 820,38 351,592| 1,473,075 ,317]23,168| 9,929| 51,894| 22,24 ,209,316| 2,2 7.441,878|
041 926,90 907,340| 2,019,563| 1,254,386| 388,860 65,526| 850,139| 364,345] 1,527,03 4,441(23,333| 10,000] 52,932 22,68 380,338 2,30¢ 7,686,195
042 | 3,015,619| 934,842 2,080,777] 1,292,407 400,646/ 891,7 880,985 377,564| 1,582,99 ,424(23,499( 10,071] 53,990 ,13 ,557,084| 2,381,605| 7,938,689
043 | 3,107,025| 963,178|2,143,847| 1,331,581 412,790 18,791 912,959, 391,268| 1,641,02 703,297(23,666| 10,143 55,070] 23,602| 5,739,74 ,459,890| 8,199,638
044 | 3,201,20 992,372] 2,208,829] 1,371,942 425,302] 946,640| 946,103| 405,472| 1,701,222 729,094|23,835] 10,215] 56,172] 24,074 928, ,540,797| 8,469,329
04! 32| 1,022,452 2,275,780| 1,413,527 438,193 75,333 980,460| 420,197] 1,763,652 755,850|24,008| 10,288] 57,295 4,555| 6,123,64 ,624,417| 8,748,061
046 1,053,443 2,344,761| 1,456,372| 451,475] 1,004,897| 1,016,075 435,460] 1,828,402] 783,600(24,178 10,362 58,44 ,046| 6,325,301| 2,710,840 9,036,141
047 | 3,501,208 1,085,375| 2,415,834| 1,500, 465,160| 1,035, ,052,994| 451,283 5 812,382(24,351| 10,436 59,61 ,547| 6,533,723 2,800,164 8|
| 2048 | 3,607,334/ 1,118,274 2,489,060/ 1,545,99 479,260| 1,066, ,091,265| 467,684/ 1,965,2 842,235[24,526| 10,511| 60,802 ,05 ,749,143| 2,892,487 9,641,630
| 2049 | 3,716,677| 1,152,170| 2,564,507 9. 493,787 1,099,0: ,130,938| 484,687| 2,037,463 873,198 4,703 10,587] 62,01 57 ,971,799| 2,987,911 ,959,710
2050 | 3,829,335| 1,187,094| 2,642,241 1,641,142 508,754/ 1,132,388| 1,172,065] 502,313 2,112,399 905,313|24,881( 10,663| 63,258 A 7.201,938] 3,086,542 10,288,480
| 2051 | 3,945,408| 1,223,077 2,722, 1,69 524,175 1,166,712| 1,214,699 520,585] 2,190,124 938,623]25,061] 10,740] 64,524 27,6 7,439,815] 3,188,4 0,628,305
2052 | 4,06 ,260,150| 2,804,850| 1,742,14 540,064/ 1,202,077, 58,896 539,5 ,270,742|  973,174)25,242) 10,818 ,814| 28,206 7,685,695| 3,29 0,979,562
053 | 4,188,218] 1,298,34! 8 794,94 556,434| 1,238,515| 1,304,714 559,16 ,354,364| 1,009,012| 25,425] 10,897, 7,130| 28,770| 7,939,851 3,402,790 . 4..,4
| 2054 | 4,315,171] 1,337,703} 2,977,4 ,849,35 573,301{ 1,276,05 352,213 79,5 ,441,100| 1,046,185(25,610| 10,976 68,4 29,346| 8,202,566/ 3,515,3! 717,94
055 | 4,445,972 1,378,251| 3,067,721| 1,905,415 590,679| 1.314, 401,453 00,622 2,531,069] 1,084,743|25,796| 11,056 9,842| 29,932| 8,474,133 3,631,71 ,105,901
056 | 4,580,739 1,420,029| 3,160,710| 1,963,172 608,583| 1,354,589| 1,452,501 22,500( 2,624, ,124,738|25,984| 11,136| 71,23 0,531| 8,754,855 3,752,0 ,506,932
2057 | 4,719,592| 1,463,074 | 3,256,519| 2,022,680 627,031/ 1,395,649| 1,505,422| 645,180] 2,721, ,166,224|26,174 217 72,664] 31,142 9,045,045| 3,876,444 | 12,9214
2058 | 4,862,654 1,507,423| 3,355,231 2,083,993 646,038 1,437,955 286| 668,694 2,821,604| 1,209,258 26,365 11,299| 74,117 1,765q ,345,027 | 4,005,008 13,350,0:
2059 | 5,010,054 1,553,117 3,456,937| 2,147,164| 665,621 1,481,543 1,617,165 693,070| 2,925,7 53,896 26,55 ,382) 75,600 32,400| 9,655,138] 4,137,912 13,793,050
2059 Total 7,157,217 2.310.21g| 4,179,658 7,940 107,999 13,793,050}
% of Total 51.89% 16.75% 30.30% 0.229_6 0.78% 100.00%|
2002 Total 596,584/ 122,275 219,641 21,565 20,678 980,743
% of Total 60.83% 12.47% 22.40% 2.20% 2.11% 100.00%|
Notes: (1) 2002 is latest complete fiscal year of reported cargo from Port records.
(2) 2009 is the Base Year of the study period. (3) Approxi 12 short tons (12.33) overall per full TEU.

38



Table A-20: Summary of Projected Total Short Tons by Trade Re
Latin
America & | Far East Middle North All
Caribbean | (Asian) Europe East America Regions
Total Total Total Total Total Total
Year | Short Tons [ Short Tons | Short Tons | Short Tons | Short Tons | Short Tons
2000 4,693,539 887,509| 1,858,625 44,882 320,391 7,804,946
2001 5,072,892f 954,163 1,817,706 62,981 339,262 8,247,004
2002 5,281,079| 1,082,402| 1,944,306 190,899 183,049| 8,681,735
2003 5,601,144| 1,159,296] 2,080,549 193,243 190,371 9,224,603
2004 5,940,609 1,241,712] 2,226,607 195,630 197,986| 9,802,543
2005 6,300,651| 1,330,050| 2,383,201 198,058 205,905| 10,417,865
2006 6,682,516| 1,424,739| 2,551,105| 200,530| 214,141| 11,073,032
2007 7,087,628| 1,526,242| 2,731,151 203,046 222,707| 11,770,674
2008 7,517,091 1,635,051| 2,924,233] 205,607| 231,615 12,513,598
2009 7,972,692 1,751,700 3,131,311 208,213|  240,880| 13,304,796
2010 8,455,910 1,876,757] 3,353,418| 210,866| 250,515 14,147,465
2011 8,968,419 2,010,833| 3,591,661 213,566 260,536| 15,045,015
2012 9,511,995 2,154,586| 3,847,234| 216,314| 270,957 16,001,087
2013 10,088,522 2,308,721| 4,121,416] 219,111 281,796| 17,019,565
2014 ]10,699,997| 2,473,992| 4,415584] 221,957| 293,067 18,104,598
2015 11,348,538 2,651,213| 4,731,217] 224,855 304,790| 19,260,613
2016 | 12,036,394 2,841,254| 5,069,904] 227,804 316,982 20,492,337
2017 | 12,765,948| 3,045,051| 5,433,354] 230,805 329,661| 21,804,819
2018 13,539,727 3,263,609| 5,823,402| 233,860| 342,847| 23,203,446
2019 | 14,360,414| 3,498,005 6,242,024| 236,969| 356,561| 24,693,973
2020 | 15,230,851 3,749,397| 6,691,339| 240,134| 370,824| 26,282,545
2021 16,154,056| 4,019,027 7,173,629 243,354| 385,657| 27,975,723
2022 117,133,227 4,308,230| 7,691,344| 246,633| 401,083| 29,780,517
2023 18,171,759 4,618,437| 8,247,120] 249,969 417,126] 31,704,411
2024 119,273,249 4,951,187| 8,843,788| 253,365 433,811| 33,755,400
2025 | 20,441,515 5,308,132| 9,484,393| 256,821 451,164 35,942,025
2026 | 21,680,606 5,691,043|10,172,210| 260,339 469,210| 38,273,408
2027 | 22,994,816| 6,101,825/ 10,910,756| 263,920( 487,979| 40,759,296
2028 | 24,388,700| 6,542,522| 11,703,815] 267,564| 507,498| 43,410,099
2029 | 25,867,089| 7,015,329]| 12,565,454 271,273| 527,798| 46,236,944
2030 26,651,098| 7,268,967| 13,012,751 273,161 538,354| 47,744,330
2031 27,458,872| 7,531,855 13,486,961 275,065 549,121| 49,301,873
2032 | 28,291,132 7,804,332| 13,978,716| 276,987 560,103| 50,911,271
2033 29,148,621| 8,086,752| 14,488,673 278,925 571,305| 52,574,276
2034 30,032,104| 8,379,479] 15,017,511 280,881 582,731| 54,292,706
2035 30,942,368 8,682,893| 15,665,936| 282,854| 594,386| 56,068,437
2036 | 31,880,225 8,997,386| 16,134,682| 284,844 606,274| 57,903,411
2037 |32,846,513| 9,323,366| 16,724,507| 286,853 618,399| 59,799,638
2038 | 33,842,092| 9,661,256| 17,336,200| 288,879 630,767 61,759,195
2039 | 34,867,852| 10,011,494| 17,970,580| 290,923 643,382| 63,784,232
2040 | 35,924,707| 10,374,534 18,628,495| 292,986 656,250 65,876,972
2041 | 37,013,599( 10,750,848| 19,310,827| 295,067{ 669,375 68,039,716
2042 | 38,135,500 11,140,924 20,018,490] 297,166] 682,763| 70,274,843
2043 39,291,412| 11,545,270] 20,752,432 299,284 696,418 72,584,815
2044 |40,482,364| 11,964,410 21,513,637| 301,421 710,346| 74,972,178
2045 41,709,420 12,398,890| 22,303,128| 303,577] 724,553| 77,439,568
2046 | 42,973,674 12,849,275| 23,121,963| 305,752| 739,044| 79,989,708
2047 | 44,276,253| 13,316,152| 23,971,243| 307,946 753,825| 82,625,420
2048 | 45,618,321| 13,800,128| 24,852,109| 310,160 768,902| 85,349,620
2049 47,001,073 14,301,835| 25,765,744 312,394 784,280 88,165,326
2050 | 48,425,745| 14,821,925] 26,713,378] 314,647 799,965| 91,075,660
2051 49,893,605| 15,361,077| 27,696,287 316,921 815,965 94,083,854
2052 | 51,405,965 15,919,994| 28,715,792|  319,215| 832,284 97,193,250
2053 | 52,964,173 16,499,407| 29,773,267| 321,529| 848,930 100,407,305
2054 | 54,569,619] 17,100,070 30,870,137| 323,864 865,908) 103,729,598
2055 56,223,736] 17,722,769| 32,007,880 326,220 883,226 107,163,832
2056 | 57,927,999( 18,368,318/ 33,188,032 328,596| 900,891| 110,713,836
2057 | 59,683,929| 19,037,560 34,412,183| 330,994 918,909| 114,383,575
2058 61,493,092| 19,731,371| 35,681,986 333,413 937,287( 118,177,149
2059 63,357,103| 20,450,658| 36,999,156 335,854 956,033 122,098,803
Average 4.46% 5.29% 5.30% 1.00% 2.94% 4.75%
Annual
Rate of
Growth
Notes: (1) 2002 is latest complete fiscal year of reported cargo from Port records.
(2) 2009 is the Base Year of the study period. | [
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Future Neobulk and Breakbulk Cargo Traffic

As shown in Table A-5, neobulk and breakbulk (“Other’’) cargo represent 2 to 3 percent of
all tonnage handled at the Port. Lumber, steel reinforcing bars, and paper are examples of
this type of cargo. As shown in Table A-14, these commodity types have experienced
overall negative growth: 1990 to 2000, -4.29 percent; 1995 to 2000, -6.68 percent.
However, imports for the period 1995 to 2000 had a positive compound annual growth rate,
11.07 percent. Many of these commodities are dependent on construction activity, which is
dependent on population growth and the general level of business activity and expansion.
As such, it is anticipated that future compound annual growth rate for neobulk and
breakbulk cargo will be between 1 and 2 percent for imports, while no growth is predicted
for exports. Because neobulk cargo and breakbulk cargo represent such a small portion of
the overall cargo handled at the Port of Miami, they have an insignificant impact on current
and future cargo and vessel traffic at the Port. Accordingly, for the analysis, neobulk cargo
and breakbulk cargo are not analyzed separately, but are accounted for by including them in
containerized cargo. Specifically, tonnage associated with these cargo types is accounted
for in the projected future TEUs displayed in Table A-19. This is a reasonable
simplification as more and more neobulk and breakbulk cargos are being shipped in
containers. It should be noted that this procedure does not impact deepening benefits, as this
cargo is not transported on draft-constrained vessels. However, vessels carrying this cargo
would be part of the calculations for vessel delay reduction benefits.

Future Cruise Ship Passengers

It is assumed for this analysis that the compound annual growth rate for cruise ship
passengers will be 2 percent, the same as the historical compound annual growth rate for the
10-year period, 1990 to 2000, displayed in Table A-13.

Fleet

Container Ships (Containerized Cargo)

Current Trade Routes and Vessel Itineraries

The trade routes and vessel itineraries were reviewed to identify general patterns for the
container ships calling at Miami Harbor. For the European, Mediterranean, and Asian trade
regions, the overall general itinerary pattern is that Miami Harbor is part of an itinerary in
which it is not the originating port, nor is it the first or the last port of call. This pattern is
generally true for the U.S. ports within the itineraries, but there are exceptions where Miami
Harbor is the first, or the last U.S. port of call. The container ships are mainly foreign-flag,
Panamax size, with a cargo capacity of 2,500- to 4,500-TEUs. These general vessel
itineraries are generally applicable to the Latin American and Caribbean trade routes.
However, in contrast to the European, Mediterranean, and Asian trade routes, Miami Harbor
is the port of origin within the itinerary. The container ships are also mainly foreign-flag,
but are smaller in size than those on the European, Mediterranean, and Asian trade routes.
The maximum cargo capacity is 3,700 TEUs. Moreover, all cargo handled at the Port of
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Miami that is carried on Roll-on/Roll-off (Ro-Ro) vessels is traded within the Latin
American and Caribbean regions.

European export cargo destined for the United States east coast ports is usually carried on
container ships that typically call first at Halifax, Canada, or New York/New Jersey, United
States. These container ships then call at ports along the U.S. east coast discharging import
cargo and loading export cargo. With respect to Miami’s position in the itinerary, at this
time Charleston is typically the prior port of call. After calling at Miami, the itineraries

vary.

If Gulf service is included, vessels call at New Orleans and/or Houston, then call at Freeport
(Freeport Container Terminal, Grand Bahamas Island), or call at a U.S. East Coast port
(Charleston or Savannah), from which they transit back to Europe with U.S. containerized
cargo. Alternatively, after departing Miami, the container ships sail to U.S. Gulf ports (New
Orleans and/or Houston), then call at ports in Mexico, like Vera Cruz or Alta Mira, then call
at Freeport or a U.S. East Coast port prior to returning to Europe with U.S. and Latin
American containerized cargo.

If Gulf service is not involved, the container ships tend to go from Miami directly to Europe
or to Freeport, and then return to Europe.

In some cases, after calling at Miami, the container ships will call at Manzanillo
International Terminal at Cristobal, Panama (Atlantic side of the Panama Canal). In this
case, the itinerary is a world all-water itinerary in which European, U.S., and Latin
American containerized cargo is shipped on the westbound transit and Asian, U.S., and
Latin American containerized cargo is shipped on the eastbound transit. In this itinerary, for
the westbound transit, the vessel sails from Europe to U.S. East Coast ports, then calls at
Manzanillo International Terminal prior to transiting the Panama Canal. After transiting the
canal, the vessel typically calls at Manzanillo, Mexico, before calling at a U.S. West Coast
port, such as Long Beach. From the U.S. West port, the container ship sails to Asian ports
at which it loads cargo prior to sailing east to U.S. West Coast ports. It then sails to
Manzanillo, Mexico, transits the Panama Canal, then calls at U.S. East Coast Ports prior to
returning to Europe.

Except for vessels that transit the Panama Canal, the only potential constraint to the efficient
utilization of Post-Panamax container ships would be the depth at United States East Coast
ports.

Container ships in the Mediterranean/United States East Coast Container Trade have
itineraries that are similar to the itineraries in the European/United States East Coast
Container Trade. There is one significant difference. Some of the Mediterranean itineraries
are actually part of an Asia/Mediterranean/United States East Coast itinerary, which
includes transiting the Suez Canal.

Since the vessels in the Mediterranean/U.S. East Coast trade do not transit the Panama
Canal and since the Suez Canal has a maximum vessel draft of 56 feet, the only potential
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constraint to the efficient utilization of Post-Panamax container ships would be the depth at
United States East Coast ports.

Asian containerized cargo arrives at United States East Coast ports on container ships that
have either transited the Panama Canal or the Suez Canal. Container ships transiting the
Suez Canal typically stop at Mediterranean ports; then continue on to United States East
Coast ports (Asia/Mediterranean/United States East Coast itinerary). The alternative
itinerary includes transiting the Panama Canal, where Miami Harbor is often the first U.S.
East Coast port-of-call. Currently, container ships using the Panama Canal are limited in
size to Panamax vessels. Without canal improvements, the only way to currently use Post-
Panamax container ships is to transship cargo at the port of Balboa on the Pacific side of the
canal, and/or transship cargo at the Manzanillo International Terminal on the Atlantic side.
Containers would be transferred from the Post-Panamax container ships to either smaller
vessels that can transit the canal or rail cars for land transshipment. However, there are
plans to modify the locks and channel to accommodate Post-Panamax vessels. If funding is
provided and an engineering solution is developed for expanding the fresh water supply
required for the operation of the larger locks, it is estimated that the Panama Canal could be
capable of handling Post-Panamax vessels by 2010.

Latin American and Caribbean trade represents a significant portion of Miami Harbor’s
cargo activity. Latin American trade includes ports in Mexico, Central and South America.
The vessel itineraries in this trade form a pattern that is similar to those in the European,
Mediterranean, and Asian trade routes, except that in some itineraries, Miami Harbor is the
originating port. The typical pattern is for the container ships to combine calls at various
U.S. East Coast ports and Latin American and/or Caribbean ports. Most often, a shipping
company will have a separate itinerary for the west and east coasts of South America. The
itineraries that involve the west coast of South America include a transit through the Panama
Canal. Because of the relatively shallow harbor depths and the absence of landside gantry
cranes at ports in Latin America and the Caribbean, the container ships usually have
onboard cranes for cargo handling. Moreover, because of the site conditions at the ports and
the onboard cranes, the container ships are smaller than those used in the European,
Mediterranean, and Asian trade routes. Furthermore, the lack of landside gantry cranes is
also the reason for the extensive use of Roll-on/Roll-off (RoRo) vessels, which carry trailers,
as well as containers.

Trends

There are three containerized cargo industry trends: (1) the formation of partnerships among
the shipping companies to share vessels to reduce available container slots on certain trade
routes to increase rates, which have been depressed by excess capacity; (2) shipping
companies consolidating their operations at a single port to reduce administrative and
logistical costs; and (3) utilization of larger container ships to reduce unit transportation
costs.

Shipping companies have been forming alliances and partnerships. For example, there is the

Grand Alliance that includes NYK Line, Hapag-Lloyd, P&O Nedlloyd, and Orient Overseas
Container Line (OOCL); the New World Alliance consists of Mitsui O.S.K. Lines, Neptune
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Orient Lines, and Hyundai Merchant Marine; the MSC-ACL that includes Mediterranean
Shipping Company and Atlantic Container Line; and Cosco-Yang Ming-“K” Line that
consists of China Ocean Shipping Company, Yang Ming Line, and Kawasaki Kisen Kaisha.
The alliance between Maersk and Sealand worked so well that the companies merged.

In the partnerships, or alliances, the shipping companies operate under a Vessel Sharing
Agreement (VSA). Under a VSA, the total number of container slots is distributed among
the steamship companies. Each company pays for a fixed number of container slots. Thus,
the cost of the container slots is the same whether full or empty containers are carried.
These VSAs are designed to reduce the number of vessels deployed in a given trade region.
The reduction in the number of available container slots increases rates, as the supply of
slots is more in line with the demand for them.

Some shipping companies have been consolidating their operations at a single port to reduce
administrative and logistical costs. A shipping company’s announcement that it intends to
develop a hub port generates keen competition among ports due to the long-term revenues
generated by this business, even though significant infrastructure expenditures are usually
required. For example, after months of negotiations, Maersk Sealand selected the port of
New York/New Jersey as its North American East Coast hub in May 1999, disappointing
the other final candidates: the ports of Baltimore, and Halifax, Canada.

The current world cellular container ship fleet and cellular container ships on order are
displayed in Table A-21 and Table A-22, respectively. To illustrate the trend toward the
utilization of larger containerships, as of April 2001, 5000+ TEU container ships
represented 4.01 percent of the world fleet; yet they represented almost 24.62 percent of the
container ships on order. Moreover, there are no 7000+ TEU container ships in the world
fleet, but there are six on order. It is anticipated that this trend toward the utilization of
larger container ships will continue, and as such, the container ships deployed in the Atlantic
trade will likewise increase in size. Hence, it is anticipated that in the future larger
containerships will call at Miami Harbor; specifically, the current Panamax container ships
will be replaced by Post-Panamax container ships.

As shown in Table A-21 and Table A-22, there are 105 Post-Panamax (5000+TEU)
container ships in the world cellular (containers only) containership fleet; and 82 are on
order. There are 37 6000+ TEU container ships in the world fleet. Of the 37, Maersk
Sealand owns and operates 21, which until recently were solely employed in the Europe-
Asia trade, transiting the Suez Canal. In August 2002, Maersk Sealand began using SUSAN
MAERSK-size (S-class) Post-Panamax container ships in an Asian/U.S. West Coast
itinerary, calling at its new terminal at the Port of Los Angeles. The other 16 6000+ TEU
container ships are owned and operated by companies like P&O Nedlloyd and Hapag-
Lloyd. There are 44 6000+ TEU container ships on order. Even larger TEU container ships
are anticipated: “Experts believe that ship sizes between 10000- and 12000-TEU can be
anticipated in the future, although practical considerations seem to preclude an advance in
the medium-term to drafts greater than 50 feet or 15.3 meters” (New Dimension for Hapag-
Lloyd, Maritime Reporter/Engineering News, May 2001). Based on this trend toward larger
container ships, Maersk Sealand’s SUSAN MAERSK was selected for the design vessel for
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the economic analysis. The SUSAN MAERSK has 1,138-foot length over all (LOA), a
maximum beam of 140.8 feet, and a maximum design draft of 47.6 feet. It has a beam that

is approximately 35 feet greater than the current Maersk Sealand container ships calling at
Miami Harbor.

As the larger container ships are deployed in a trade route, they replace the existing smaller
ones, which are deployed in another trade route. The largest container ships are deployed in
the East-West Atlantic and Pacific trades. As larger container ships replace those deployed
in the East-West Atlantic and Pacific trades, the now smaller container ships are deployed in
the North-South Atlantic trade, for example. An industry expert from one of the major
shipping companies said in an interview that based on his company’s container ship class
development history, he expects 10000 TEU container ships to be deployed between Europe
and a U.S. hub port by 2004. Drewry Shipping Consultants predict that 12000 TEU
container ships will inter the East-West trade “during the later part of this decade
(2008/2009), once the ports/terminal operating companies have made the necessary
investments in new equipment, berths, etc to handle them” (Post-Panamax Containerships —
The Next Generation, Drewry Insight, August 2001).

Given that so many Post-Panamax container ships are being built, it is assumed that Post-
Panamax container ships will be deployed on the East-West Atlantic trade route, with calls
at select “hub” U.S. East-Coast ports, before the base year (2009) of the Miami Harbor
project; it is also assumed that some itineraries will include calls at select “non-hub” U.S.
ports in the North-South trade. Based on current itineraries and the volume of cargo traffic
at Miami Harbor, it is reasonable to assume that Miami Harbor will be part of the initial
transition from Panamax to Post-Panamax container ships. Accordingly, it is assumed for
this analysis that the Panamax container ships currently calling at Miami Harbor as part of
the European, Mediterranean, and Asian trade will be gradually replaced by Post-Panamax
container ships over the study period beginning prior to the base year (2009) of the study.

Containerized cargo in the U.S. East Coast/Far East trade can be transported by way of the
Panama Canal or the Suez Canal. Because Post-Panamax container ships are too large to
transit the Panama Canal, they would use the Suez Canal, which is the most cost effective
alternative transportation route. For Post-Panamax container ships to use the Panama Canal
route, the locks would have to be enlarged or transshipment at ports at each end of the
Panama Canal would have to be used. Specifically, cargo would have to be transshipped at
ports on the Atlantic and Pacific side of the Canal, Manzanillo and Balboa, respectively, if
the size of the canal locks were not increased. The ports of Manzanillo and Balboa,
Panama, have been developed for transshipment. Both have harbor depths and equipment to
handle Post-Panamax container ships. For example, Manzanillo International Terminal
currently has an access channel depth of 46 feet and six Post-Panamax rail mounted gantry
cranes.

Most containerized cargo imported from Asia arrives at U.S. West Coast ports, such as
Long Beach and Oakland, and is transshipped by rail or truck to various cities, including
U.S. East Coast ones. The reason is time. For goods that are time sensitive in the market,
such as clothing, transportation time is important. It takes about 5 days for goods to be
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shipped by rail from Los Angeles to Baltimore, while it takes roughly 13 days for the goods
to be shipped via the Panama Canal.

However, the all-water route via the Panama Canal is less expensive than the intermodal
(ship-rail/truck) route. For some shippers, price is taking charge over just-in-time inventory.
Several developments have or are taking place that demonstrate that the Panama Canal is
going to be a viable economic option for future containerized cargo transportation, including
the utilization of Post-Panamax container ships.

The Panama Canal Commission is spending $1 billion to widen the Gaillard Cut, improve
the locks and purchase more tugboats and electrical locomotives to pull the ships through
the canal. This will increase the canal’s capacity 20 percent by 2005.

Feasibility studies are to be completed by the end of 2002 for conceptual design of a new set
of locks that would accommodate the next generation of Post-Panamax ships. If all goes
smoothly, the canal authority expects its Post-Panamax locks to operate in 2010 (Agustin
Arias, canal capacity project manager, Panama’s Canal Holds Visions of New Growth,
Waterway’s new transportation and development projects to build legacy and economic
future, by Aileen Cho in Panama, ENR, 7/30/2001).

A joint venture of Kansas City Southern and Mi-Jack Products has rebuilt the Panama Canal
Railway. The railway parallels the canal connecting Cristobal on the Atlantic side and
Balboa on the Pacific side. The 47.6-mile railway began service in November 2001. The
two companies operate it under a contract with a 25-year renewal clause. The Panama
Canal Railway is currently providing intermodal service for major steamship companies.
Initially, the company expects to carry 75,000 containers a year between Cristobal and
Balboa.

Major port management and steamship companies are investing in the port infrastructures at
Balboa and Cristobal. Hutchinson Port Holdings Group, Hong Kong, won a 25-year
concession contract in 1997 to operate Balboa and Cristobal ports. It has invested $140-
million in cargo handling equipment, dredging, and landside improvements. Most of the
investment ($110 million) is for Balboa. The channel and berths have been dredged to 42
feet (12.9 meters), and a new 20.7-acre (8.4-hectare) container storage area equipped with
three Post-Panamax and six Panamax gantry cranes has nearly doubled port capacity to
some 900,000 TEUs.

On the Atlantic side, Colon Container Terminal SA, a subsidiary of Evergreen Marine
Corp., Taiwan, has invested $110 million in developing a marine terminal at Cristobal. The
investments in cranes, expanded quay and container yard area are designed to increase the
facility’s capacity to about 1 million TEUs a year.

The Manzanillo International Terminal (MIT) at Cristobal on the Atlantic side, operated by
Seattle-based Stevedores of America, has a channel depth of 46 feet, 6 Post-Panamax and 2
super Post-Panamax cranes for handling containers on the largest container ships in the
world. It also has direct access to the Colon Free Zone (CFZ), which is the second-largest
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free zone after Hong Kong. The local operator of the Manzanillo International Terminal is
looking at a possible second container terminal on the Pacific side, near Balboa.

In the future, it appears that the current three trade routes (ship-rail/truck, all-water via the
Panama Canal and the Suez Canal) are viable options for the utilization of Post-Panamax
container ships. However, based on discussions with shipping companies, the most likely
use of Post-Panamax container ships is the all-water trade route using the Suez Canal.
Although transshipment at the Panama Canal is possible for the U.S. East Coast/Far East
trade, shippers felt that this option is less likely due to high transshipment costs. Moreover,
due to the high cost to modify the Panama Canal locks and no clear source for the funds,
they felt that modifying the locks to accommodate Post-Panamax container ships is highly
unlikely for the foreseeable future. Thus, the analysis assumes that Panamax container ships
will be transitioned to Post-Panamax container ships in the Suez Canal route only.
Moreover, it is also assumed that the Panama Canal will continue to be used for the Far East
trade during the study period. Thus, both canal routes are assumed to be utilized for the
economic analysis: Panamax container ships using the Panama Canal and Post-Panamax
container ships using the Suez Canal.

The only thing that is physically preventing the deployment of Post-Panamax container
ships at Miami Harbor is an adequate size turning basin. The Lummus Island Turning Basin
has been authorized, funded, and will be constructed prior to the base year. Its 1,500-foot
radius is sufficient for turning the Post-Panamax container ship design vessel SUSAN
MAERSK. The Ship Simulation verified this. Thus, it is assumed that Post-Panamax
container ships will call in the without-project condition, prior to the base year. The depth
of the Lummus Island Turming Basin will be commensurate with the existing project
channel depth, 42 feet.

Roll-On/Roll-Off (Ro-Ro) Vessels (Trailer cargo)

As shown in Table A-5 about 36 percent of all cargo tonnage (short tons) handled at the
Port is transported in trailers. The trailers are carried on Ro-Ro vessels, which also carry a
few containers. Lloyd’s Register of Ships classifies 887 vessels as Ro-Ro Cargo Ships. The
largest of these vessels have deadweights that range for 38,000 to 48,000 metric tons with
design drafts that range from 35.4 feet to 40.2 feet, and container capacities that range from
2,025 to 2,833 TEUs. The typical draft is 38 feet. Lloyd’s also has seven vessels classified
as Container Ro-Ro Cargo Ships. The deadweight of the five largest ones is 51,648 metric
tons; these vessels' design drafts are 38 feet, and their container capacity is 2,908 TEUs.
With a project depth of 42 feet, these vessels have sufficient depth. It is anticipated that the
current project depth at Miami Harbor will provide sufficient transit depth for Ro-Ro vessels
in the future.

Cruise Ships (Passengers)
In the mid-1990s the largest cruise ship in terms of gross registered tons (GRT) was the

QUEEN ELIZABETH II with 70,327 GRT. Today, 16 cruise ships have GRTs in excess of
70,000. Cunard’s QUEEN MARY II, which is scheduled for completion in 2003, will be
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150,000 GRT. Because of the trend toward larger cruise ships, the Royal Caribbean
International's VOYAGER OF THE SEAS was selected as the design vessel for the study.
Itis 137,300 GRT, is 1,021 feet long, and has a beam of 156 feet and a design draft of 28.2
feet. This cruise ship, which is currently calling, is considered the largest cruise ship likely
to call at Miami Harbor for the foreseeable future. Presently, Royal Caribbean International
has two VOY AGER-class ships calling a Miami Harbor: the VOYAGER OF THE SEAS
and the EXPLORER OF THE SEAS. The draft requirement of the design vessel does not
present a problem. Modern cruise ships are designed with drafts that can be accommodated
by the shallow depths at their ports-of-call. Even the QUEEN MARY II will have a design
draft of only 32.8 feet. However, the QUEEN MARY II will be 1,131 feet long with a
beam of 131 feet. Thus, the QUEEN MARY Il is 110 feet longer than the VOYAGER OF
THE SEAS, but its beam is 25 feet less. Because it is longer, and could potentially call, the
SUSAN MAERSK container ship with a length of 1,138 feet and a beam of 141 feet was
turned in the Main Channel Cruise Ship Turning Basin during the ship simulation. There
were no problems with turning the large container ship.

Because of the growth in cruises, channel improvements, as well as the Dodge Island
turning basin, are being considered for the Dodge Island Terminal Number 12 (south
western side of Dodge Island). Starting in November 2001, Celebrity Cruise Lines’
HORIZON will utilize this terminal. The HORIZON is 682 feet long, with a beam of 96
feet, and a draft of 24 feet. The design vessel for this project alternative is the CARNIVAL
DESTINY, which is 893.5 feet long, with a beam of 116, and a draft of 27 feet.

Benefiting Fleet and Cargo

All vessels will benefit from proposed improvements that enhance vessel maneuverability,
reduced transit times, and tug assists. But not all vessels and the cargo they carry will
benefit from proposed deepening of the existing channel. The first step in identifying the
beneficiaries of deepening the channel consisted of a review of the existing fleet calling at
specific terminals. Table A-21 shows the vessel types and their characteristics at the three
general berthing areas within the Port. Also shown are the number of recorded calls and the
range of the recorded static drafts (draft at dock) of the vessels that called in FY1999. This
information was provided by the Biscayne Bay Pilots.

Table A-21: Existing Cargo Vessel Calls and Short Tons by Berth Areas FY 1999

Recorded
Static Draft
Vessel |Maximum Range Total
Size Design at Berth Number Total
Vessel LOA Range| Draft FY 1999 of Calls | % of Total| Short Tons | % of Total
Bay (Berth) Location Types (feet) (feet) (feet) |[FY1999 "] cCalls | FY 1999 | Cargo
45 - 65W | Northwest Lummus Island | RO/RO & LO/LO | 125 - 648 39.4 7-351 103 3.9%| 259,354 3.7%
99 - 148 Southern Lummus Island Container 266 - 965 44 9-40.3 1,644 61.5%| 4,344,386 62.7%
(Gantry Crane Berths) RO/RO & LO/LO
149 - 177 Southern Dodge Island | RO/RO & LO/LO | 129 - 560 25.4 9.8-23.9 924 34.6%| 2,326,632 33.6%
Total 2,671 6,930,372
" Source: Developed from daily Pilots Logs for FY 1999.

? Source: Developed from two separate monthly Miami-Dade Seaport Department reports for FY 1999: Trailer/Container Activity Report,
and Daily Dock Report. | | \ | ] | [
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Roll-On/Roll-Off (Ro-Ro) and Lift-On/Lift-Off (Lo-Lo) vessels call at all three of the
berthing areas, but are concentrated at Berths 45 to 65W located on the northwest side of
Lummus Island on the Main Channel (36 feet deep) and Berths 149 to 177 located on the
southern side of Dodge Island on the Fisherman’s Channel (32 to 42 feet deep). Taking into
consideration the design drafts of the vessels and the existing channel depths, vessels calling
at these berths have sufficient channel depth. In contrast, the container ships calling at
Berths 99 to 148 have design drafts up to 44 feet compared to the 42-foot Fisherman’s
Channel depth. Thus, depending on their typical loadings and underkeel clearance
requirements, some of the large Panamax container ships could potentially benefit from
deepening the shipping channel. Almost two-thirds of all vessels call at Berths 99 to 148,
which have the Port’s gantry cranes. A more detailed breakdown by vessel size (length
overall, LOA) of the recorded static drafts for vessels that called at the “gantry-crane berths”
(99 to 148) in FY 1999 is displayed in Table A-22.

One hundred percent of the containerized cargo handled at Berths 45 to 65W and 149 to 177
is moving in the Latin American and Caribbean trade. Berths 99 to 148 also handle cargo
moving in these trade regions, some of which is transported in trailers. All European,
Mediterranean, and Asian trade cargo is handled at the gantry-crane berths. No cargo within
these trades is shipped by trailer. The larger Panamax container ships are currently utilized
in these trades, and Post-Panamax container ships will only be used in these trades.

Thus, the channel-deepening benefit analysis focuses solely on containerized cargo moving
in the European, Mediterranean and Asian trades, which will be solely handled at the
gantry-crane berths (99 to 148), as the vessels in these trades are cellular container ships,
that is, they do not have on-board cranes like those used in the Latin American and
Caribbean trades due to the lack off gantry cranes at the ports.

With a channel depth of 42 feet at Miami Harbor, and assuming a minimum of 3 feet of
underkeel clearance, a fully loaded Atlantic Class (=>950-foot LOA) container ship would
have a light-loaded transit draft of 39 feet. As shown in Table A-22, the majority of these
vessels had static (at dock) drafts ranging from 34 to 38 feet inbound, and 32 to 38 feet
outbound, during 1999.

Asian cargo currently transits the Panama Canal, which has a maximum draft restriction of
39 feet. Thus, vessels in this trade route would be expected to have a maximum transit draft
of 36 feet, assuming 3 feet of underkeel clearance. For the European and Mediterranean
trade routes, the depths of the U.S. East Coast ports would control inbound and outbound
vessel drafts within itineraries that included Miami Harbor. The static drafts shown in Table
A-22 were recorded in 1999. At that time, U.S. East Coast ports had authorized depths
ranging from 40 to 42 feet. Thus, the expected fully, but light, loaded transit draft would be
between 37 to 39 feet, assuming 3 feet of underkeel clearance. As shown in Table A-22,
many Atlantic Class vessels recorded the calculated maximum drafts. But, there were
several calls with recorded static drafts between 32 and 35 feet. Therefore, some vessels
arrived or departed Miami Harbor with transit drafis that were 1 to 3 feet less than their
potential maximum transit drafts. This fact was taken into consideration when developing
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the “typical or most likely” applied maximum transit drafts of benefiting Panamax and Post-
Panamax container ship classes. See Fully-Loaded Transit Weight and Applied Maximum
Transit Draft section and Table A-33 for detailed fleet transit specifications.

Five classes of container ships were established for the analysis: three classes of Post-
Panamax, one class of Panamax, and one Sub-Panamax container ship class. The three
Post-Panamax classes are based on the world fleet that includes ships in service and those on
order as displayed in Table A-23 and Table A-24. A detailed description of the composite
vessel in each class is found in Table A-33.

Based on the previously described vessel itineraries, generic vessel itineraries were
developed for the purpose of estimated voyage costs for the European, Mediterranean and
Asian trades. There are two itineraries for the Asian/U.S. East Coast trade: Panama Canal
and Suez Canal itineraries. The Post-Panamax container ships would be utilized solely in
the Suez Canal itinerary as only Panamax-size container ships can transit the Panama Canal.

The generic itineraries are based on a review of current ones. The depths are displayed for
both the without- and with-project conditions. All major U.S. East Coast ports are either
authorized for construction to 50 feet, like New York; or being studied with draft reports
proposing depths ranging from 48 to 50 feet, like Norfolk Harbor for which a 50-foot
channel is recommended. Construction schedules have completion dates ranging from
before to after the base year of the Miami Harbor project (2009).

A 50-foot channel depth has been authorized for New York/New Jersey Harbor with all
channel construction completed in 2016, but all berthing areas deepened to 50 feet by 2005.
Deepening the container-ship berths to 50 feet in 2005, significantly before all channel
deepening to 50 feet is completed, demonstrates that tide will be used to increase the loading
efficiency of the large container ships. Based on discussions with steamship companies,
future itineraries that include Post-Panamax container ships will include the Port of New
York/New Jersey due to the enormous hinterland market that it serves.

The December 2002 Draft Norfolk Harbor (Hampton Roads) Report recommends
deepening the inbound channel to 50 feet by 2005. The outbound channel is already 50 feet
deep. Thus, it is reasonable to assume that one or more of the major U.S. East Coast ports
will be deepened to a depth of 50 feet with others ranging in depth from 48 to 50 feet by
around the base year of the Miami Harbor project. Accordingly, for the economic analysis
the midpoint of the anticipated range is assumed for the controlling depth at U.S. East Coast
ports within the trade itineraries, or 49 feet. The prevalent port depth at European and Far
East ports is 15 meters or 49.2 feet. Thus, selecting 49 feet for a controlling depth for U.S.
East Coast ports is consistent foreign ports within the trade itineraries.

The itineraries are displayed in Table A-25.
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These general assumptions and parameters were utilized to focus the detailed benefits
analysis, which is contained in the following section: BENEFIT ESTIMATION
PROCEDURES/ASSUMPTIONS/PARAMETERS.
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Table A-25: Miami Harbor — Generic Round-trip Vessel Itineraries by Trade Route

Without-Project | With-Project | Mean Tide | Round-trip
Trade Ports in Depth Depth Range Nautical
Route Generic ltinerary (feet) (feet)* (feet)® Miles ©
Europe/ Southampton, England 49.2 49.2 5.9
U.S. East Coast |New York, U.S. > 50.0 50.0 4.6 3,169
Other East Coast, U.S. 3 48.0 to 50.0| 48.01to0 50.0 5.2 600
Miami, U.S. 42.0/ 43.0t0 50.0 2.5 420
Southampton, England 49.2 49.2 5.9 3,866
8,055
Mediterranean/ |Valletta, Malta 50.6 50.6 1.3
U.S. East Coast |New York, U.S. 50.0 50.0 4.6 4,181
Other East Coast, U.S. 48.0 t0 50.0/ 48.0to 50.0 52 600
Miami, U.S. 42.0| 43.0t0 50.0 2.5 420
Valletta, Malta 50.6 50.6 1.3 4,786
9,987
Asia/
U.S. East Coast {Hong Kong, China 49.2 49.2 8.2
Panama Canal |Panama Canal transit 39.0 39.0 n.a.
Miami, U.S. 42.0| 43.0to 50.0 25 10,448
Other East Coast, U.S. 48.0 to 50.0/ 48.0to 50.0 5.2 420
New York, U.S. 50.0 50.0 4.6 600
Panama Canal transit 39.0 39.0 n.a.
Hong Kong, China 49.2 49.2 8.2 11,213
22,681
Asia/
U.S. East Coast |Hong Kong, China 49.2 49.2 8.2
Suez Canal |Suez Canal transit 56.0 56.0 n.a.
Valletta, Malta 50.6 50.6 1.3 7,435
Miami, U.S. 42.0| 43.0t0 50.0 2.5 4,786
Other East Coast, U.S. 48.0 t0 50.0| 48.0to 50.0 52 420
New York, U.S. 50.0 50.0 4.6 600
Valletta, Malta 50.6 50.6 1.3 4,181
Suez Canal transit 56.0 56.0 n.a.
Hong Kong, China 49.2 49.2 8.2 7,435
24,857

' Generic trade-route vessel itineraries based on actual ones as published by steamship

companies.

|

’ Without-project channel depths are the same as the current channel depths, except for those

ports with on-going or most likely future deepening construction projects (see footnote 3).]

° A 50-foot channel depth has been authorized for New York/New Jersey Harbor with all channel

construction completed in 2016, but all berthing areas deepened to 50 feet by 2005.

Other U.S. East Coast ports (Norfolk, Charleston, Savannah, for example), are studying

deepening to depths up to 50 feet. The December 2002 Norfolk Harbor (Hampton Roads) report

recommends deepening the inbound channel to 50 feet by 2005. The outbound channel is

already 50 feet. It is anticipated that other East Coast ports will be deepened to a project depth

of 48 to 50 feet between 2006 and 2010.

|

“ With-project channel depths under consideration for Miami Harbor are 43 to 50 feet. All other

channel depths for ports and canals within the vessel itinerary remain the same as those

in the without-project condition.

|

° "Tides and Tidal Datums in the United States," Special Report No. 7, U.S. Army Corps of

Engineers, February 1981; and "Lloyd's Ports of the World," Lloyd's of London, 1997.

° "Distances Between Ports," Defense Mapping Agency Hydrographic/Topographic Center,

1993.
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BENEFIT ESTIMATION PROCEDURES/ASSUMPTIONS/PARAMETERS

Cost Reduction Benefits

Benefits Analysis

This section describes the analyses performed in the estimation of cost reduction benefits for
proposed channel improvements. The objectives of the proposed channel improvement
alternatives include the reduction of transit times and costs for vessels maneuvering within
Miami Harbor. Nearly all users of Miami Harbor will benefit from proposed improvements
inasmuch as they enhance vessel maneuverability and reduce transit times and necessary tug
assists. The paragraphs that follow describe key inputs and assumptions of the analysis and
present estimated cost reduction benefits. And, as will be discussed in subsequent sections,
additional benefits will accrue to select vessel classes with deepening improvements.

The benefits of channel improvements were estimated in terms of reductions in harbor
transit times and consequent vessel delays. Transit times and transportation costs were
estimated by analyzing the most likely condition in the absence of an improved channel at
Miami Harbor, that is the without project condition, and the proposed channel improvement
alternatives for each decade over the period 2009-2059. For this analysis, the alternatives
were bundled to estimate cost reduction benefits. The following describes briefly the
proposed channel improvement alternatives: widening the entrance channel, inner entrance
channel between buoys 13 and 15, and the Fisherman’s Channel to provide safe navigation
for all vessels, particularly post-Panamax containerships; widening the Fisher Island turning
basin to improve vessel access and reduce delays; extending the Dodge Island Channel to
provide access to planned expanded cruise facilities; and constructing a turning basin at
Dodge Island to accommodate the cruise ships using the channel. Five component sets,
each comprising an individual component or several inseparable components, representing
the without project condition and four channel improvement scenarios were analyzed:

Without Project Condition - Maintain existing channels; construct Lummus Island
turning basin to a diameter of 1,500 feet.

Components 1C, 2A, and 5A - Widen the entrance channel, channel between buoys
13 and 15, and Fisherman’s Channel;

Component 3B — Widen the Fisher Island Turning Basin;

Component 6 — Extend the Dodge Island Channel;

Component 6A — Construct the Dodge Island Turning Basin.

Incremental transit costs for the without project condition and each of the four proposed
channel improvement component sets represent cost reduction benefits.

As discussed in previous sections, Maersk Sealand’s SUSAN MAERSK was selected for
the design vessel for the economic analysis. The SUSAN MAERSK has 1,138-feet length
over all (LOA), a maximum beam of 140.8 feet, and a maximum design draft of 47.6 feet.
It has a beam that is approximately 35 feet greater than the current Maersk Sealand
container ships calling at Miami Harbor. The current widths of the entrance channel,
channel between buoys 13 and 15, and the Fisherman’s Channel are too narrow to allow the
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SUSAN MAERSK to transit Miami Harbor safely and cost-effectively. The current channel
configurations would necessitate an additional tug assistance and transit at a dead-slow
speed.

The proposed improvement alternatives are necessary to accommodate the expected future
fleet at Miami Harbor. Additionally, the proposed alternatives will alleviate delays resulting
from turning basin use and one-way traffic restrictions and reduce transportation costs for
nearly all users of Miami Harbor (note: cruise ships have priority berthing and pilotage
because of tight schedules. As such, they do not experience delays). All commercial cargo
vessels, regardless of size, however, experience vessel delays; and therefore, would benefit
from widening of channels and turning basins, or similar improvements that result in
improved maneuverability and reduced transit times.

The primary source of data was derived from Miami Harbor’s pilot logbooks. The data
include detailed information on all aspects of vessel transits. For each vessel transiting
Miami Harbor, a record is made in the pilot’s log noting the vessel’s characteristics,
including transit date and time. Data records are made in the pilot’s log upon entrance and
exit of the harbor. An additional record is made if a pilot shift change occurs during the
transit. The existing fleet characteristics are based on CY1999 pilot data.

Transit times for Miami Harbor navigation are largely a function of vessel speed. Variations
in vessel speeds are due to vessel size and type and geographic limitations. The larger the
vessel, the more difficult it is to maneuver, and therefore, the slower the transit speed.
Restricted reaches along the channel also necessitate slower transit speeds. A survey of
Miami Harbor’s pilots was conducted to elicit information on transit speeds by vessel class
for each reach of the Miami Harbor navigation channel. Additionally, the pilots provided
information on transit times based on experience by vessel type and destination berth.

Many berths share a common turning basin, which is generally located nearest the berths;
therefore, a vessel in the turning basin obstructs channel entrance and egress for other users
of the same turning basin. Nearly all vessels at Miami Harbor require the assistance of at
least one tug; the additional width of the tug alongside the vessels increases the effective
width of the vessel in the channel and constrains Miami Harbor to one-way traffic.

The berthing spaces previously enumerated in Tables A-1 through A-4 overstate the
available capacity at Miami Harbor in that concurrent use of some adjacent berths is not
possible and other adjacent berths must be combined to provide access for one large vessel.
The width of the Fisherman’s Channel constrains all commercial cargo traffic to one-way.
The only passing that occurs involves small workboats and recreation craft. Vessels
destined for berths on the Fisherman’s Channel are delayed at the sea buoy, when another
vessel is in the channel. Conversely, vessels departing Miami Harbor must wait at berth
until the channel is cleared. According to Miami Harbor’s pilots, channel delays exceeding
one hour are not uncommon.

Vessels were divided into classes according to size and use. The vessel classifications
describe the attributes of all vessel types that were analyzed. Vessel classifications were
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standardized for this effort and are summarized in Table A-26. The important
characteristics of the existing vessel fleet are the dimensions and types of the vessels.
Similarly, the commodities moving in and out of Miami Harbor were aggregated into
commodity classes. For this effort, three commodity classes were identified: containers, Ro-
Ro/general cargo, and passengers.

Table A-26. Vessel Class Definitions

Vessel Class Definitions
Class Type Length
1 Container LOA < 500
2 Container LOA between 500 and 700
3 Container LOA between 700 and 900
4 Container Panamax
5 Container Post-Panamax
6 Gen Cargo, Ro-Ro, Lo-Lo LOA < 400
7 Gen Cargo, Ro-Ro, Lo-Lo LOA between 400 and 600
8 Gen Cargo, Ro-Ro, Lo-Lo LOA> 600
9 Passenger LOA < 600
10 Passenger LOA between 600 and 900
11 Passenger Panamax
12 Passenger Post-Panamax

Forecast commodity tonnage is displayed in Table A-27. As discussed in previous
sections, the annual growth rates to be used for the 50-year study period for each of the
general commodity groups (containers, 4.53 percent; Ro-Ro cargo, 4.53 percent; and
passengers, 2.00 percent) are assumed to occur without or with any harbor improvements.

Table A-27. Forecast Commodity Tonnage

Forecast Commodity Tonnage
Without Project/ With Project Conditions

2009 2019 2029 2039 2049 2059
Containers 8,515,069 15,804,143 29,591,644 40,901,872 56,534,985 78,143,234
Ro-Ro, Lo-Lo 4,789,727 8,889,830 16,645,300 23,007,303 31,800,929 43,955,569
Total 13,304,796 24,693,973 46,236,944 63,909,176 88,335,915 122,098,803

Cruise Passengers 4,101,481 4,999,683 6,094,585 7,429,265 9,056,233 11,039,497

Given forecast commodity traffic, future vessels calls were estimated. Table A-28 displays

forecast vessel calls at the port under the without project condition and the proposed channel
improvement alternatives. As discussed in previous sections, the future fleet will include the
addition of the SUSAN MAERSK and other post-Panamax containerships, as well as the

59



continued arrivals of mega- cruise ships. Forecast commodity will be accommodated in the
larger vessels in the future fleet, resulting in fewer vessels calls over the 50-year project life.
This assumption was based on information obtained from Miami Harbor’s shippers and was
discussed in previous sections. It is important to note that the forecast future vessels calls
are identical in the with and without project conditions (without deepening).

Table A- 28. Forecast Vessel Trips

Forecast Vessel Trips
Without/ With Project Conditions

Commodity 2009 2019 2029 2039 2049 2059
Containers 1,214 1,364 1,657 2,073 2,578 3,295
Ro-Ro, Lo-Lo 1,302 1,409 1,646 1,982 2,212 2,565
Cruise 1,172 1,219 1,270 1,351 1,509 1,673
Total 3,688 3,992 4,573 5,405 6,300 7,532
Methodology

Vessel operating costs by vessel class for FY2003 were obtained from the Institute for
Water Resources (IWR). The costs represent daily operating costs for U.S. and foreign
vessel classes engaged in trade at U.S. deep-draft ports and are specific for vessel flag, type,
and size. The costs are published annually by IWR in an Economics Guidance
Memorandum (EGM) and intended for use in Corps’ planning studies. A representative
vessel was selected for each vessel class and daily operating costs assigned accordingly,
taking into consideration the distribution of domestic and foreign-flagged vessels within
each class.

The delay reduction analyses for Miami Harbor were performed without the use of a
congestion model. In the absence of a model, a reliable analysis was performed with the use
of Excel spreadsheets, by employing similar logic. Each vessel call forecast for Miami
Harbor was disaggregated into component movements, each with an associated estimated
duration. A vessel call included the following components: 1) arriving at the sea buoy; 2)
transiting to berth; 3) berthing; 4) departing the berth and Miami Harbor.

The project lent itself well to such analyses, given that the assumptions for the vessel fleet
and traffic forecast were identical in the with- and without- project conditions. Therefore;
given identical vessel calls in both scenarios, estimating the impacts of proposed
improvements on the forecast vessel calls entailed focusing on / isolating only the areas
where differences could occur (“areas,” in this case, referring to vessel classes and/or
components of the overall vessel transit times). In as much as the improvement alternatives
removed constraints that contribute to vessel delays, benefits could be estimated for each
future decade, with inner years interpolated.
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Given the identical vessel fleet and future vessel calls at Miami Harbor in the with and
without project conditions, detailed modeling of traffic was unnecessary with the following
baseline assumptions:

1) Vessels would call at exactly the same berths with or without the project. The
proposed improvements do not include additional berthing capacity.

2) Berthing time would be exactly the same with or without the project. The
proposed improvements do not include enhancements to loading/unloading
equipment that would not also be in place in a without project setting.

3) Vessels delayed at the sea buoy due to berthing capacity shortfalls (beyond the
delays that are expected as the exiting vessels clear the project) are assumed to
occur with or without the proposed improvements.

4) The precautions, in the form of slow transits for Panamax vessels, that the
Biscayne Bay Pilots currently take, would continue and become more regulated
as larger vessels are introduced with no corresponding channel improvements
(without project condition).

5) Cruise ships have priority channel usage, and as such, do not experience delay.

The year 1999 was selected as a representative base year for analysis and forecasts. The
future year (2009 through 2059) commodity tonnage volumes, vessel loadings, and
distributions of vessel classes were extrapolated from pilot data and commodity traffic
forecasts discussed in previous sections. For each alternative and decade, transit times
including assumed transit delays, were estimated by individual vessel movement. Excel
spreadsheets were used to calculate transit time costs by vessel class for each forecast vessel
trip, given hourly operating costs by vessel class. For example, to calculate the total transit
time for the without project condition in 2009, an annual list of movements was constructed
in an Excel spreadsheet. Each movement, given its unique vessel class, commodity type,
and origin/destination berth, was assigned an estimated transit time. The transit time
included the following components: arrival, berthing, departure, and delay. The Miami
Harbors’ pilot data, as well as interviews with pilots, provided valuable insights into these
component times. Table A-29 provides an example calculation of per trip incremental cost
savings for the SUSAN MAERSK in 2009. Similar estimates for 2009 were developed for
each of the vessel classes and all of the improvement alternatives. The total transit times for
the improvement alternatives were compared to the without project condition estimate for
each decade. Excel spreadsheets were used to estimate average annual transit costs for each
alternative (transit costs between decadal points were interpolated). Incremental transit costs
for the without project condition and the improvement alternatives represent cost reduction
benefits.
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Table A-29. Miami Harbor Cost Reduction Analysis Example

Miami Harbor Cost Reduction Analysis Example

Class 5 Containership, 2009

Without Project With Improvements
Transit Time Inbound 1 Hr 48 Min 1 Hr 18 Min
Berth Time 18 Hr 18 Hr
Transit Time Outbound 71 Min 41 Min
Hourly Operating Cost - at Sea $2,508 $2,508
Hourly Operating Cost - at Port $1,683 $1,683
Subtotal Port Cost $37,776 $35,268
Total Vessel Calls 3,688 3,688
Hourly Arrival Rate* 0.84 0.84
Probability of Encounter 0.71 0.71
Expected Delay Time** 50 Min 29 Min
Expected Delay Cost $1,403 $813
No. of Tugs 3 2
Tug Cost (@ $1,400/hour) $4,200 $2,800
Total Port Cost $43,379 $38,882
Incremental Savings per Call $4,497

* Annual vessels calls per hour, assuming that with each vessel call
there are two legs, or trips (inbound and outbound).

* Expected Delay is a function of forecast annual vessel trips,
The square of the expected hourly arrival rate represents the
probability of a vessel encounter in the channel. Given the
one-way traffic constraint, one vessel must yield, and is,
therefore, delayed. The delay is set equal to the vessel outbound
transit time, and the expected delay time is the product of the
outbound transit time and the probability of vessel encounter.

The following summarizes the assumptions for three of the cost reduction benefit
alternatives (the fourth, or the Dodge Island Channel Extension, is discussed in the section

entitled “Cruise Ship Benefits”):

1). Widening entrance channel, buoys 13-15 and Fisherman’s channel - In the
absence of improvements in Miami Harbor, the SUSAN MAERSK and similarly-sized
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vessels, would need to light-load and transit the channel with the assistance of three tugs at a
less than dead-slow speed. Consequently, the transit would be 30 minutes slower than
normal. Three tug assists represent one additional tug assist over normal operating
conditions. The third tug assist would be necessary through each of the three widening
components. For example, in the absence of the outer entrance channel flare, a third tug
assist would be necessary to allow safe transit of the SUSAN MAERSK or similarly sized
vessel. The three widening alternatives were combined into one system, because it is only
with improvements to all three areas that the need for the third tug and less-than dead slow
speed would be eliminated. The container fleet distribution would change over time,
eventually composed mainly of S-class (Post-Panamax) vessels in the Far East and
European trades. With improvements, the container vessels would continue to light-load
and require the assistance of two tugs, but could transit the channel at a more normal speed.
The incremental savings are the foregone costs of the third tug assist and reduced transit
time. (input from Biscayne Bay pilots and Coastal Tug and Barge).

2). Widening Fisher Island Turning Basin - In the absence of improvements, Post-Panamax
vessels calling at Miami are constrained to use of the Lummous Island turning basin only,
resulting in additional transit time and delays for vessels berthing closest to the Fisherman’s
Channel entrance. With improvements, vessels have the option of turning before or after
berthing. Pilots will have more flexibility to manage traffic and minimize delays within
Miami Harbor. The incremental savings are the reduced transit times and delays for vessels
transiting and berthing on Fisherman’s channel.

3). Constructing Dodge Island Turning Basin - In the absence of improvements, cruise ships
on the south pier would use the Lummus Island turning basin for maneuvering. Given the
priority of cruise ships in Miami Harbor, such use would interfere with commercial cargo
operations and result in delays for cargo vessels. With improvements, the cruise ships
would have an exclusive turning basin. The incremental savings are the foregone
interference and delay costs for cargo vessels transiting Fisherman’s channel. The
interference costs take into account the cruise ships schedule and probability of being
delayed.

Cruise Ship Benefits

In analyzing the benefits of the Dodge Island Channel extension, a different technique was
used. According to guidance developed by IWR, benefits associated with cruise ships
from harbor improvements could accrue from three sources: 1) existing vessels using a
harbor under without-project conditions operate more efficiently in that same harbor under
with-project conditions; 2) vessels using one harbor under without-project conditions
transfer to the improved harbor under with-project conditions; and 3) new vessels (larger,
with more amenities) begin using a harbor under with-project conditions that they did not
use under without-project conditions. Benefits could accrue to both vessel operators and
passengers under each of the three scenarios.
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The difficulty in estimating cruise ship benefits lies in the fact that cruise ships are unique
-- ships of the same class cannot be compared to one another when they operate on
differing itineraries; likewise differing ships operating on the same, or nearly the same
itineraries are not comparable. The comparisons are made more difficult given that the
cruise ship companies are not forthcoming with financial information that could be used to
estimate daily operating costs or indicate individual vessel performance

Cruise companies measure their vessels’ performance in terms of “yield,” that is net
income per passenger cruise day. A passenger cruise day is one passenger sailing for a
period of one day. For example, one passenger sailing on a one-week cruise is seven
passenger cruise days. Each vessel within a company’s fleet for a given itinerary and
season has a unique yield, or profitability. Newer, larger ships tend toward greater levels
of profitability, due to economies of scale in provisioning and staffing, as well as
increased revenue-generating opportunities from the larger passenger population. Given
that the newest mega-ships are destinations in themselves, the income generated per
passenger day tends to exceed that of other ships in the fleet. Certain itineraries are more
popular, and consequently, more profitable.

A survey of cruise companies’ financials provided an estimate of their respective yield or
net income per passenger day. The limitation is that the yield is a gross figure for the
company. Certainly yields vary quite a bit by vessel and itinerary. Cruise companies are
not forthcoming with any specific information on the performance of individual vessels, or
even classes of vessels. For this analysis, the financials of three companies were analyzed
to develop an estimate of net income per passenger day -- Royal Caribbean Cruise Lines,
P&O Princess Cruises, and Carnival Corporation.

These companies were selected because of their market dominance and current operations
in Miami Harbor. An estimated net income per passenger day served as a proxy for
estimating benefits for improvements at Miami Harbor. In the absence of improvements at
Dodge Island, the cruise ship HORIZON would represent the maximum-sized/capacity
vessel that could operate on the south pier. The vessel LOA is 727 feet and it passenger
capacity is 1,798. With improvements, a larger vessel could operate in place of the
HORIZON. The design vessel is the CARNIVAL DESTINY, which has an LOA of 893
feet and a passenger capacity of 2,642. Table A-30 provides a comparison of the two cruise
vessels. Given an identical itinerary, the CARNIVAL DESTINY could accommodate 150
percent of the number of passengers per trip. While additional passengers and a larger vessel
result in higher costs per voyage, the opportunity to use the larger vessel on the same
itinerary will result in increased income. The incremental benefits are the net incomes that
accrue from the additional passengers. The annual reports of the major cruise lines were
referenced to calculate a representative net income per passenger estimate. Over time, as the
demand for cruises increase, additional vessels would be expected to berth on the south pier.
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Table A-30. Miami Harbor Cruise Ship Comparison

Miami Harbor Cruise Ship Comparison
Vessel Characteristics
Item Horizon Carnival Destiny
Gross Registered Tons( GRT ) 46,811 101,353
Net Registered Tons ( NRT) 24,471 73,081
Deadweight Tonnage ( DWT ) 5,550 11,142
Length Overall ( LOA) 683.8 895.1
Molded Breadth 96.3 116.7
Maximum Draft 244 27.3
Year Delivered 1990 1996
Passenger Capacity 1,798 2,642
Crew Capacity 641 1,040
Passenger/Crew Ratio 2.8 2.5
Service Speed 19.5 22.5

Assuming operation of a 7-day itinerary out of Miami Harbor, twenty-six weeks per year
initially, increasing to 52-weeks annually, an estimated 41,000 passenger cruise days are
lost when the HORIZON is employed in place of the CARNIVAL DESTINY. This loss
translates into reductions in net income of more than $0.5 million per year.

Analysis Results

Incremental savings, by decade, for each of the channel improvement components sets are
presented in Table A-31. Each of the components sets result in significant transportation
cost reductions over the without project condition. The Channel Widening results in
average annual savings ranging from $ 0.6 million in 2009 to $ 15.1 million in 2059. While
the entrance channel widening provides safe navigation for the SUSAN MAERSK and other
post-Panamax vessels, another advantage of the widened channel is that it allows smaller
vessels (maximum 80’ beam) to pass in the channel. These vessels make up a significant
proportion of traffic at Miami Harbor. Given that cruise ships do not experience delays
because of priority berthing and pilotage, no delay reduction savings were claimed for any

of their vessel classes.
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Table A-31. Annual Transportation Costs.
Annual Transportation Cost Savings
(Thousands of FY02 dollars)

Alternatives 2009 2019 2029| 2039 2049 2059
Without Project Condition -- -- -- -- -- --
Widening (EC, Buoys 13-15, FC) $341( $1,237| $3,420| $5,072| $9,007| $15,565
Fisher Island Turning Basin Widening $216 $553| $1,416] $2,400| $4,103| $7,239
Dodge Island Channel Extension $529| $1,058| $2,115| $2,115| $2,115| $2,115
Dodge Island Turning Basin Construction|  $519 $650| $773| $943| $1,123| $1,339

Cost reduction benefits for the proposed channel improvement alternatives for Miami
Harbor are summarized in Table A-32. The benefits reflect an interest rate of 5 7/8 percent
and October 2002 price levels.

Table A-32. Miami Harbor Cost Reduction Benefits Summary

Miami Harbor Improvement Component Sets
Benefit Summary
(Thousands of FY02 dollars)
Total Average
Present Annual

Alternatives Worth Benefits
Without Project Condition -- -
Widening (Ent. Chan., Buoys 13-15, Fishmn's Chan.) $41,401 $2,581
Fisher Island Turning Basin Widening $18,833 $1,174
Dodge Island Channel Extension $21,123 $1,317
Dodge Island Turning Basin Construction $11,420 $712

Vessel Utilization Savings (Deepening Benefits)

Transportation costs for the without- and with-project conditions were estimated in one-foot
increments to compute the National Economic Development (NED) benefits associated with
the project deepening. The difference between the without- and with-project costs
represents the benefits of the deepened channel. Cost efficiencies accrue as vessels are able
to increase loading and reduce transits.

Total transportation costs are estimated using the specifications of each vessel (average
deadweight, length overall, beam, design draft, speed, and so forth) along with estimated
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vessel transit characteristics, transit mileage, and vessel hourly operating cost data
developed by the Corps’ Institute for Water Resources (IWR).

Vessels Potentially Benefiting from Channel Deepening

The Miami Harbor Port Authority provided vessel call data for fiscal year 1999. These data
were used to determine which vessels would benefit from deepening the Federal channel.
Vessels currently calling that could benefit from a deeper channel at Miami Harbor are the
Panamax Class vessels represented by the Maersk Sealand M-class container ships; vessels
expected to call in the future that could benefit are Post Panamax container ships, like the
design container ship, Susan Maersk, a Maersk Sealand S-class vessel. The analysis
assumes that as the Post Panamax vessels begin to call at Miami Harbor, they will gradually
replace smaller Sub Panamax vessels; in later years of the project, they will gradually
replace some of the Panamax vessels. The analysis focused on these vessel classes and their
proportion of the total cargo handled by the Port.

Vessel Specifications and Applied Lading Capacities
The vessel characteristics of all vessels calling during FY 1999 were obtained from Lloyd’s
Register of Ships, April 2001 CD-ROM.

The lading capacity by volume of the container vessel refers to the number of short tons of
cargo and container boxes the vessel will carry when its TEU slots are full, given the weight
of a typical container. The weight of a typical container incorporates the weight of the

container, the percentage of empty containers, and the average weight of the cargo carried in
a filled container.

Independent of its lading capacity by volume, the vessel’s lading capacity by weight refers
to the maximum number of tons of cargo it can hold regardless of whether its cargo area is
volumetrically filled; it equals the deadweight of the vessel less the weight of its non-cargo
components.

For a container vessel carrying many empty or light-weighted containers, the lading capacity
by weight may exceed the actual capacity of the vessel. For a vessel carrying many full and
heavy-weighted containers, the lading capacity by volume may exceed the actual capacity of
the vessel. The applied lading capacity of the container vessel refers to its actual capacity
given the percentage of empty containers it is carrying and the average weight of its filled
containers; it equals the lesser of the lading capacity by weight and the lading capacity by
volume.

Table A-33 shows the vessel specifications and applied lading capacities of the container
vessels expected to benefit from channel deepening. For the Susan Maersk and the Madison
Maersk, lading capacity by weight exceeds lading capacity by volume. This implies that the
number of TEU containers these vessels are designed to carry, given the expected weight of
the average container, is the factor that limits their capacities. The vessels could carry more
cargo, but only by increasing the average loaded weight of the containers they carry.
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For the other vessel classes shown, lading capacity by volume exceeds lading capacity by
weight. The capacity of each vessel is reached with fewer containers than it is designed to
carry, given the expected weight of the average container. This implies that the applied
lading capacities shown for these vessels closely represent the true maximum cargo weight
they are designed to carry. Increasing the average container weight would require reducing
the number of containers carried to compensate.

Fully-Loaded Transit Weight and Applied Maximum Transit Draft

The stated design draft of a vessel is related both to its rated deadweight and to the densest
cargo the vessel is designed to carry. The vessel’s deadweight assumes both a cargo
tonnage level based on the vessel’s lading capacity by weight and that the vessel contains
100 percent of its fuel, stores, water, and crew capacity, plus any ballast the vessel is
expected to carry. Accordingly, the design draft refers to the maximum possible draft of the
vessel.

In contrast, a vessel’s applied maximum transit draft is a more accurate prediction of the
vessel’s deepest draft when traversing a harbor because it is based on a reduced, more likely
level of non-cargo deadweight and a cargo weight equal to the vessel’s applied lading
capacity. Fuel (bunkerage) represents about 80 percent of non-cargo deadweight; stores,
water, and crew requirements together represent about 20 percent. The portion of the
vessel’s fuel, stores, water, and crew weight remaining upon the vessel’s arrival at Miami
Harbor is estimated to be two thirds of the full amount. A certain amount of ballast water
will also be carried, based on design specifications provided by vessel owners. Adding the
adjusted non-cargo weight to the adjusted cargo weight gives the total transit weight of the
fully loaded vessel.

Following this procedure reveals the design drafts of the Susan Maersk and the Madison
Maersk to be misleading because they are based on the vessels’ lading capacities by weight,
which exceed their applied lading capacities. As shown in Table A-33, the total transit
weights of these vessels are less than their deadweights, which implies applied maximum
transit drafts that are less than the vessels’ design drafts.

The design drafts of the other vessels shown in Table A-33 more accurately portray their
applied maximum transit drafts, because their applied lading capacities represent their true
maximum cargo tonnage. In fact, the ballast assumptions associated with these vessels are
greater than their expected reduction in non-cargo deadweights; as a result, with no
reduction in expected cargo weights, the expected total transit weights of the vessels surpass
their deadweights.

The immersion rate is the number of tons stowed per inch of draft. Immersion rates are
developed for each vessel using an equation provided for different vessel types by the
Maritime Administration (MARAD) of the U.S. Department of Transportation. The key
vessel characteristics are design draft, length between perpendiculars, maximum breadth,
and service speed.
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The difference between the total transit weight and the deadweight divided by the
immersion rate produces the expected deviation from the design draft in inches. Applying
this deviation to the design draft yields the applied maximum transit draft of the vessel,
which corresponds to the expected draft of the fully loaded vessel on a typical arrival to or
departure from Miami Harbor. In cases in which the total transit weight exceeds the
deadweight, zero deviation from deadweight is used, so the calculated applied maximum
transit draft equals the design draft.

Table A-33 shows the fully loaded transit weight and applied maximum transit drafts of the
container vessels expected to benefit from channel deepening.

Table A-33: Vessel Specifications and Applied Lading Capacities of Benefiting Container Vessel

Fleet at Miami Harbor
Composite Madison
Susan Maersk | Regina Maersk| Other Post- Maersk Zim Asia (Sub-
(Post-Panamax)| (Post-Panamax) Panamax (Panamax) Panamax)

Deadweight (Short Tons) 104,696 84,900 67,417 66,524 50,540
Length Between Perpendiculars 1,088 992 863 933 792
Extreme Breadth 140 141 132 106 106
Design Draft (Feet) 47.6 45.9 46.0 44.4 38.6
Speed (Knots per Hours) 24.6 25.0 25.5 24.0 21.7
Gross Cargo Capacity 95.5% 94.2% 93.3% 93.3% 92.3%
Lading Capacity by Weight (Short Tons) 100,011 79,999 62,869 62,036 46,639
TEU Capacity 6,418 6,418 5,340 3,922 3,429
Lading Capacity by Volume 88,008 88,008 73,222 53,781 47,021
Applied Lading Capacity (Short Tons) 88,008 79,999 62,869 53,781 46,639
Bunkerage, Stores, Water, Crew (Short Tons) 3,123 3,267 3,032 2,992 2,601
Ballast (Short Tons) 8,250 6,690 5,312 5,242 3,983
Fully Loaded Transit Weight 99,381 89,956 71,213 62,015 53,222
Block Plane Coefficient 0.66 0.62 0.59 0.67 0.65
Water Plane Coefficient 0.79 0.76 0.74 0.80 0.78
Immersion Rate (Short Tons per Inch) 320.22 257.20 203.68 190.78 159.11
Deviation from Design Draft (feet) 1.38 0.00 0.00 1.97 0.00
Applied Maximum Transit Draft 46.2 459 46.0 42.4 38.6
Fully Loaded Transit Depth Requirement 49.2 48.9 49.0 45.4 41.6

Underkeel Clearance

A sample of historical transit drafts of vessels calling at Miami Harbor were matched with
actual tide elevations occurring at the times of transit. These data were assembled in
spreadsheets and analyzed to identify the minimum underkeel clearance used by each vessel
as it transited the channel. The analysis showed that the historical minimum underkeel

clearance is at least three feet for Panamax container ships.

Maersk Sealand has a standard of 1.1 meters (3.6 feet) for underkeel clearance for its
containerships when they are underway. A review of current practice for the Maersk
Sealand Panamax Class (M-class) shows that they use at least three feet of underkeel
clearance at the dock. Taking into consideration the Corps of Engineers channel design
standard of three feet of underkeel clearance for hard bottom channels, the current actual
practice of using at least three feet of underkeel clearance at the dock, and the Maersk
Sealand standard of 3.6 feet of underkeel clearance while underway, three feet of underkeel
clearance was used for the economic analysis for the large container ships. It should be
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noted that through a partnering agreement other shipping companies ship their containers on
the Maersk Sealand vessels. So, with respect to Maersk Sealand vessels, the Maersk
Sealand M-class and S-class container ships are considered generic; that is, they represent
similar size container ships owned by other shipping companies.

Fully Loaded Transit Depth Requirement

The applied maximum transit draft of the vessel plus the appropriate underkeel allowance
equals the fully loaded transit depth requirement of the vessel, which is shown for each
container vessel class in Table A-33.

Vessel Itineraries

Trade routes for the benefiting vessels are discussed in a previous section entitled “Current
Trade Routes and Vessel Itineraries.” For benefit estimation, these trade routes were
standardized into the following three trade routes: Far East, Mediterranean, and European.

Applicable Channel Constraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight of Vessel

A critical factor in the analysis is whether the drafts of the container ships calling at Miami
Harbor are constrained by the channel depths at the previous and subsequent ports of call or
by depths in canals such as the Suez Canal or the Panama Canal. The channel depths of
ports within trade route itineraries are presented in Table A-25. The constraining channel
depths of concern to each itinerary and vessel class are displayed in Table A-34 through
Table A-43.

The applied maximum transit depth, which is a function of the vessel and its trade route, is
the greatest depth a vessel transiting Miami Harbor could utilize given its maximum transit
draft and the constraints it faces at its port of origin or destination or required canal transit.
Light loading by the vessel could be eliminated by additional increments of deepening at
Miami Harbor as long as the applied maximum transit depth is greater than the without-
project depth. The point at which the channel depth equals the applied maximum transit
depth is the point at which the channel depth fully accommodates the vessel’s needs; no
additional depth is beneficial for that vessel.

The actual transit draft of the vessel is the lesser of the channel depth and the maximum
transit depth, less the underkeel allowance. The deviation of the actual transit draft from the
maximum transit draft applied to the immersion factor gives the amount of light loading
necessary to accommodate the actual transit depth. Subtracting the light-loaded tonnage
from the applied lading capacity results in the actual short tons carried by the arriving or
departing vessel. This actual lading increases as the channel is deepened until light loading
has been eliminated.

Adding the actual lading at each channel depth to the estimated short tons of crew, stores,

water, bunkerage, and ballast carried by the transiting vessel (see Table A-33) produces the
expected total transit weight of the vessel at each channel depth.
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Tables A-34 to A-43 show the channel or canal constraint, the applied maximum transit
depth, the actual transit draft by project depth, lading in short tons by project depth, and the
total transit weight of the vessel by project depth of each vessel class for each trade route for
the inbound and outbound transits at Miami Harbor.

Table A-34: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Susan Maersk at Miami

Harbor
Susan Maersk (Post;
Susan Maersk (Post{ Susan Maersk (Post Panamax) -
Panamax) - Far | Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region
Channel or Canal Restraint Hong Kong, China| U.S. East Coast Port| U.S. East Coast Port
Channel Constraint at Port of Origin|
or Canal Restraint (Feet) 49.2 49.0 49.0
Applied Maximum Transit Depth 49.2 49.0 49.0
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0,
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 46.0 46.0 46.0
Actual Transit Draft at 50 Feet 46.2 46.0 46.0
Lading at 42 Feet 60,391 60,391 60,391
Lading at 43 Feet 64,234 64,234 64,234
Lading at 44 Feet 68,076 68,076 68,076
Lading at 45 Feet 71,919 71,919 71,919
Lading at 46 Feet 75,762 75,762 75,762
Lading at 47 Feet 79,604 79,604 79,604
Lading at 48 Feet 83,447 83,447 83,447
Lading at 49 Feet 87,290 87,290 87,290
Lading at 50 Feet 88,008 87,290 87,290
Total Transit Weight - 42 Feet 71,764 71,764 71,764
Total Transit Weight - 43 Feet 75,607 75,607 75,607
Total Transit Weight - 44 Feet 79,450 79,450 79,450
Total Transit Weight - 45 Feet 83,292 83,292 83,292
Total Transit Weight - 46 Feet 87,135 87,135 87,135
Total Transit Weight - 47 Feet 90,978 90,978 90,978
Total Transit Weight - 48 Feet 94,820 94,820 94,820
Total Transit Weight - 49 Feet 98,663 98,663 98,663
Total Transit Weight - 50 Feet 99,381 98,663 98,663
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Table A-35: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Susan Maersk at Miami

Harbor
Susan Maersk (Post
Susan Maersk (Post{ Susan Maersk (Post] Panamax) -
Panamax) - Far | Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region
Southampton,
Channel or Canal Restraint U.S. East Coast Port| England| Valletta, Malta
Channel Constraint at Port of Origin
or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 39.0 39.0 39.0,
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 46.0 46.0 46.0
Actual Transit Draft at 50 Feet 46.0 46.2 46.2
Lading at 42 Feet 60,391 60,391 60,391
Lading at 43 Feet 64,234 64,234 64,234
Lading at 44 Feet 68,076 68,076 68,076
Lading at 45 Feet 71,919 71,919 71,919
Lading at 46 Feet 75,762 75,762 75,762
Lading at 47 Feet 79,604 79,604 79,604
Lading at 48 Feet 83,447 83,447 83,447
Lading at 49 Feet 87,290 87,290 87,290
Lading at 50 Feet 87,290 88,008 88,008
Total Transit Weight - 42 Feet 71,764 71,764 71,764
Total Transit Weight - 43 Feet 75,607 75,607 75,607
Total Transit Weight - 44 Feet 79,450 79,450 79,450
Total Transit Weight - 45 Feet 83,292 83,292 83,292
Total Transit Weight - 46 Feet 87,135 87,135 87,135
Total Transit Weight - 47 Feet 90,978 90,978 90,978
Total Transit Weight - 48 Feet 94,820 94,820 94,820
Total Transit Weight - 49 Feet 98,663 98,663 98,663
Total Transit Weight - 50 Feet 98,663 99,381 99,381
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Table A-36: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Regina Maersk at Miami

Harbor
Regina Maersk Regina Maersk Regina Maersk
(Post-Panamax) - | (Post-Panamax) - | (Post-Panamax) -
Far East Trade Europe Trade Mediterranean
Region Region Trade Region
Channel or Canal Restraint Hong Kong, China] U.S. East Coast Port| U.S. East Coast Port,

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.2 49.0 49.0
Applied Maximum Transit Depth 48.9 48.9 48.9
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0] 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 45.9 45.9 45.9
Actual Transit Draft at 50 Feet 45.9 45.9 45.9
Lading at 42 Feet 58,703 58,703 58,703
Lading at 43 Feet 61,789 61,789 61,789
Lading at 44 Feet 64,876 64,876 64,876
Lading at 45 Feet 67,962 67,962 67,962
Lading at 46 Feet 71,048 71,048 71,048
Lading at 47 Feet 74,135 74,135 74,135
Lading at 48 Feet 77,221 77,221 77,221
Lading at 49 Feet 79,999 79,999 79,999
Lading at 50 Feet 79,999 79,999 79,999
Total Transit Weight - 42 Feet 68,660 68,660 68,660
Total Transit Weight - 43 Feet 71,747 71,747 71,747
Total Transit Weight - 44 Feet 74,833 74,833 74,833
Total Transit Weight - 45 Feet 77,919 77,919 77,919
Total Transit Weight - 46 Feet 81,006 81,006 81,006
Total Transit Weight - 47 Feet 84,092 84,092 84,092
Total Transit Weight - 48 Feet 87,179 87,179 87,179
Total Transit Weight - 49 Feet 89,956 89,956 89,956
Total Transit Weight - 50 Feet 89,956 89,956 89,956
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Table A-37: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Regina Maersk at

Miami Harbor

Regina Maersk Regina Maersk Regina Maersk
(Post-Panamax) - | (Post-Panamax)- | (Post-Panamax) -
Far East Trade Europe Trade Mediterranean
Region Region Trade Region
Southampton,

Channel or Canal Restraint U.S. East Coast Port England Valletta, Maltal
Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 45.9 45.9 45.9
Actual Transit Draft at 50 Feet 45.9 45.9 45.9
Lading at 42 Feet 58,703 58,703 58,703
Lading at 43 Feet 61,789 61,789 61,789
Lading at 44 Feet 64,876 64,876 64,876
Lading at 45 Feet 67,962 67,962 67,962
Lading at 46 Feet 71,048 71,048 71,048
Lading at 47 Feet 74,135 74,135 74,135
Lading at 48 Feet 77,221 77,221 77,221
Lading at 49 Feet 79,999 79,999 79,999
Lading at 50 Feet 79,999 79,999 79,999
Total Transit Weight - 42 Feet 68,660 68,660 68,660
Total Transit Weight - 43 Feet 71,747 71,747 71,747
Total Transit Weight - 44 Feet 74,833 74,833 74,833
Total Transit Weight - 45 Feet 77,919 77,919 77,919
Total Transit Weight - 46 Feet 81,006 81,006 81,006
Total Transit Weight - 47 Feet 84,092 84,092 84,092
Total Transit Weight - 48 Feet 87,179 87,179 87,179
Total Transit Weight - 49 Feet 89,956 89,956 89,956
Total Transit Weight - 50 Feet 89,956 89,956 89,956
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Table A-38: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Composite Other Post-
Panamax Container Vessels at Miami Harbor

Composite Other | Composite Other
Composite Other Post-Panamax - Post-Panamax -
Post-Panamax - Far| Europe Trade Mediterranean
East Trade Region Region Trade Region

Channel or Canal Restraint

Hong Kong, China|

U.S. East Coast Port

U.S. East Coast Port|

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.2 49.0 49.0
Applied Maximum Transit Depth 49.0 49.0 49.0
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0] 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 46.0 46.0 46.0
Actual Transit Draft at 50 Feet 46.0 46.0 46.0
Lading at 42 Feet 45,759 45,759 45,759
Lading at 43 Feet 48,204 48,204 48,204
Lading at 44 Feet 50,648 50,648 50,648
Lading at 45 Feet 53,092 53,092 53,092
Lading at 46 Feet 55,536 55,536 55,536
Lading at 47 Feet 57,980 57,980 57,980
Lading at 48 Feet 60,424 60,424 60,424
Lading at 49 Feet 62,869 62,869 62,869
Lading at 50 Feet 62,869 62,869 62,869
Total Transit Weight - 42 Feet 54,104 54,104 54,104
Total Transit Weight - 43 Feet 56,548 56,548 56,548
Total Transit Weight - 44 Feet 58,992 58,992 58,992
Total Transit Weight - 45 Feet 61,436 61,436 61,436
Total Transit Weight - 46 Feet 63,881 63,881 63,881
Total Transit Weight - 47 Feet 66,325 66,325 66,325
Total Transit Weight - 48 Feet 68,769 68,769 68,769
Total Transit Weight - 49 Feet 71,213 71,213 71,213
Total Transit Weight - 50 Feet 71,213 71,213 71,213
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Table A-39: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Composite Other Post-
Panamax Container Vessels at Miami Harbor

Composite Other | Composite Other
Composite Other Post-Panamax - Post-Panamax -
Post-Panamax - Far| Europe Trade Mediterranean
East Trade Region Region Trade Region
Southampton,

Channel or Canal Restraint U.S. East Coast Port| England Valletta, Malta|
Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.0 49.2 50.6)
Actual Transit Draft at 42 Feet 39.0 39.0, 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 46.0 46.0 46.0
Actual Transit Draft at 50 Feet 46.0 46.0, 46.0
Lading at 42 Feet 45,759 45,759 45,759
Lading at 43 Feet 48,204 48,204 48,204
Lading at 44 Feet 50,648 50,648 50,648
Lading at 45 Feet 53,092 53,092 53,092
Lading at 46 Feet 55,536 55,536 55,536
Lading at 47 Feet 57,980 57,980 57,980
Lading at 48 Feet 60,424 60,424 60,424
Lading at 49 Feet 62,869 62,869 62,869
Lading at 50 Feet 62,869 62,869 62,869
Total Transit Weight - 42 Feet 54,104 54,104 54,104
Total Transit Weight - 43 Feet 56,548 56,548 56,548
Total Transit Weight - 44 Feet 58,992 58,992 58,992
Total Transit Weight - 45 Feet 61,436 61,436 61,436
Total Transit Weight - 46 Feet 63,881 63,881 63,881
Total Transit Weight - 47 Feet 66,325 66,325 66,325
Total Transit Weight - 48 Feet 68,769 68,769 68,769
Total Transit Weight - 49 Feet 71,213 71,213 71,213
Total Transit Weight - 50 Feet 71,213 71,213 71,213
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Table A-40: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Madison Maersk at

Miami Harbor

Madison Maersk
Madison Maersk | Madison Maersk (Panamax) -
(Panamax) - Far |(Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region

Channel or Canal Restraint

Panama Canal

U.S. East Coast Port

U.S. East Coast Port|

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 39.0 49.0 49.0
Applied Maximum Transit Depth 39.0 45.4 45.4
Actual Transit Draft at 42 Feet 36.0 39.0 39.0
Actual Transit Draft at 43 Feet 36.0 40.0 40.0
Actual Transit Draft at 44 Feet 36.0 41.0 41.0
Actual Transit Draft at 45 Feet 36.0 42.0 42.0
Actual Transit Draft at 46 Feet 36.0 42 .4 42 .4
Actual Transit Draft at 47 Feet 36.0 42 .4 42 .4
Actual Transit Draft at 48 Feet 36.0 42.4 42.4
Actual Transit Draft at 49 Feet 36.0 42 .4 42 .4
Actual Transit Draft at 50 Feet 36.0 42.4 42.4
Lading at 42 Feet 39,159 46,027 46,027
Lading at 43 Feet 39,159 48,316 48,316
Lading at 44 Feet 39,159 50,606 50,606
Lading at 45 Feet 39,159 52,895 52,895
Lading at 46 Feet 39,159 53,781 53,781
Lading at 47 Feet 39,159 53,781 53,781
Lading at 48 Feet 39,159 53,781 53,781
Lading at 49 Feet 39,159 53,781 53,781
Lading at 50 Feet 39,159 53,781 53,781
Total Transit Weight - 42 Feet 47,393 54,261 54,261
Total Transit Weight - 43 Feet 47,393 56,550 56,550
Total Transit Weight - 44 Feet 47,393 58,840 58,840
Total Transit Weight - 45 Feet 47,393 61,129 61,129
Total Transit Weight - 46 Feet 47,393 62,015 62,015
Total Transit Weight - 47 Feet 47,393 62,015 62,015
Total Transit Weight - 48 Feet 47,393 62,015 62,015
Total Transit Weight - 49 Feet 47,393 62,015 62,015
Total Transit Weight - 50 Feet 47,393 62,015 62,015
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Table A-41: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Madison Maersk at

Miami Harbor

Madison Maersk
Madison Maersk | Madison Maersk (Panamax) -
(Panamax) - Far |(Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region
Southampton,

Channel or Canal Restraint U.S. East Coast Port| England| Valletta, Malta
Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 42.4 424 42.4
Actual Transit Draft at 47 Feet 42.4 42.4 42.4
Actual Transit Draft at 48 Feet 42.4 42.4 42.4
Actual Transit Draft at 49 Feet 42.4 42.4 42.4
Actual Transit Draft at 50 Feet 42.4 42.4 42 .4
Lading at 42 Feet 46,027 46,027 46,027
Lading at 43 Feet 48,316 48,316 48,316
Lading at 44 Feet 50,606 50,606 50,606
Lading at 45 Feet 52,895 52,895 52,895
Lading at 46 Feet 53,781 53,781 53,781
Lading at 47 Feet 53,781 53,781 53,781
Lading at 48 Feet 53,781 53,781 53,781
Lading at 49 Feet 53,781 53,781 53,781
Lading at 50 Feet 53,781 53,781 53,781
Total Transit Weight - 42 Feet 54,261 54,261 54,261
Total Transit Weight - 43 Feet 56,550 56,550 56,550
Total Transit Weight - 44 Feet 58,840 58,840 58,840
Total Transit Weight - 45 Feet 61,129 61,129 61,129
Total Transit Weight - 46 Feet 62,015 62,015 62,015
Total Transit Weight - 47 Feet 62,015 62,015 62,015
Total Transit Weight - 48 Feet 62,015 62,015 62,015
Total Transit Weight - 49 Feet 62,015 62,015 62,015
Total Transit Weight - 50 Feet 62,015 62,015 62,015
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Table A-42: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Zim Asia at Miami

Harbor
Zim Asia (Sub-
Zim Asia (Sub- Zim Asia (Sub- Panamax) -
Panamax) - Far | Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region

Channel or Canal Restraint

Panama Canal

U.S. East Coast Port

U.S. East Coast Port

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 39.0 49.0 49.0
Applied Maximum Transit Depth 39.0 41.6 41.6
Actual Transit Draft at 42 Feet 36.0 38.6 38.6,
Actual Transit Draft at 43 Feet 36.0 38.6 38.6
Actual Transit Draft at 44 Feet 36.0 38.6 38.6
Actual Transit Draft at 45 Feet 36.0) 38.6 38.6
Actual Transit Draft at 46 Feet 36.0 38.6 38.6
Actual Transit Draft at 47 Feet 36.0 38.6 38.6,
Actual Transit Draft at 48 Feet 36.0 38.6 38.6
Actual Transit Draft at 49 Feet 36.0 38.6 38.6
Actual Transit Draft at 50 Feet 36.0 38.6 38.6
Lading at 42 Feet 41,674 46,639 46,639
Lading at 43 Feet 41,674 46,639 46,639
Lading at 44 Feet 41,674 46,639 46,639
Lading at 45 Feet 41,674 46,639 46,639
Lading at 46 Feet 41,674 46,639 46,639
Lading at 47 Feet 41,674 46,639 46,639
Lading at 48 Feet 41,674 46,639 46,639
Lading at 49 Feet 41,674 46,639 46,639
Lading at 50 Feet 41,674 46,639 46,639
Total Transit Weight - 42 Feet 48,258 53,222 53,222
Total Transit Weight - 43 Feet 48,258 53,222 53,222
Total Transit Weight - 44 Feet 48,258 53,222 53,222
Total Transit Weight - 45 Feet 48,258 53,222 53,222
Total Transit Weight - 46 Feet 48,258 53,222 53,222
Total Transit Weight - 47 Feet 48,258 53,222 53,222
Total Transit Weight - 48 Feet 48,258 53,222 53,222
Total Transit Weight - 49 Feet 48,258 53,222 53,222
Total Transit Weight - 50 Feet 48,258 53,222 53,222
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Table A-43: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Zim Asia at Miami

Harbor
Zim Asia (Sub-
Zim Asia (Sub- Zim Asia (Sub- Panamax) -
Panamax) - Far | Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region
Southampton,
Channel or Canal Restraint U.S. East Coast Port| England Valletta, Maltal
Channel Constraint at Port of Origin
or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 38.6 38.6 38.6
Actual Transit Draft at 43 Feet 38.6 38.6 38.6
Actual Transit Draft at 44 Feet 38.6 38.6 38.6
Actual Transit Draft at 45 Feet 38.6 38.6 38.6
Actual Transit Draft at 46 Feet 38.6 38.6 38.6
Actual Transit Draft at 47 Feet 38.6 38.6 38.6
Actual Transit Draft at 48 Feet 38.6 38.6 38.6
Actual Transit Draft at 49 Feet 38.6 38.6 38.6
Actual Transit Draft at 50 Feet 38.6 38.6 38.6
Lading at 42 Feet 46,639 46,639 46,639
Lading at 43 Feet 46,639 46,639 46,639
Lading at 44 Feet 46,639 46,639 46,639
Lading at 45 Feet 46,639 46,639 46,639
Lading at 46 Feet 46,639 46,639 46,639
Lading at 47 Feet 46,639 46,639 46,639
Lading at 48 Feet 46,639 46,639 46,639
Lading at 49 Feet 46,639 46,639 46,639
Lading at 50 Feet 46,639 46,639 46,639
Total Transit Weight - 42 Feet 53,222 53,222 53,222
Total Transit Weight - 43 Feet 53,222 53,222 53,222
Total Transit Weight - 44 Feet 53,222 53,222 53,222
Total Transit Weight - 45 Feet 53,222 53,222 53,222
Total Transit Weight - 46 Feet 53,222 53,222 53,222
Total Transit Weight - 47 Feet 53,222 53,222 53,222
Total Transit Weight - 48 Feet 53,222 53,222 53,222
Total Transit Weight - 49 Feet 53,222 53,222 53,222
Total Transit Weight - 50 Feet 53,222 53,222 53,222

Number of Calls and Total Tonnage Transported
The analysis predicts a gradual transition to larger vessels for the life of the project in both
the without- and with-project conditions. The assumed distribution of calls for each year of

the project is a function of the distribution of calls that actually occurred in 1999. In the first

year of the project, approximately four percent of the predicted calls are by Post-Panamax
vessels, with a corresponding reduction in the number of Panamax vessel calls; Panamax
vessels replace Sub-Panamax vessels at the same rate. The net effect is no change in the
number of Panamax vessel calls, and a reduction in the number of Sub-Panamax vessel
calls. The number of Post-Panamax vessel calls increases in a straight-line fashion until
year 50 of the project when these calls represent approximately 77 percent of the predicted
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calls; in the year range 36-40, the Sub-Panamax vessel class disappears from the predicted
calls and the additional Post-Panamax vessels begin replacing Panamax vessels instead.

Post-Panamax vessel calls are equally distributed among the three Post-Panamax vessel
classes for each year range. Table A-44 displays the distribution of predicted vessel calls
for the life of the project. Table A-45 displays the actual predicted vessel calls for each
vessel class for the life of the project, based on the predicted distribution of calls, the
capacity of each vessel class, and the predicted tonnage for each year range.

Table A-44: Expected Percentage of Calls by Vessel Class for the Life of the Project in Both the
Without-Project and With-Project Conditions

Susan Maersk Regina Maersk | Composite Other | Madison Maersk | Zim Asia (Sub-
(Post-Panamax) (Post-Panamax) Post-Panamax (Panamax) Panamax)

Project Year Percentage of Calls| Percentage of Calls| Percentage of Calls| Percentage of Calls| Percentage of Calls
2002 0% 0%)| 0% 45% 55%
Years 1-5 1% 1% 1% 45% 52%
Years 6 - 10 4% 4% 4% 45% 44%
Years 11 - 15 7% 7% 7% 45% 35%
Years 16 - 20 9% 9% 9% 45% 27%
Years 21 - 25 12% 12% 12% 45% 19%
Years 26 - 30 15% 15% 15% 45% 11%
Years 31 - 35 17% 17% 17% 45% 3%
Years 36 - 40 20% 20% 20% 40% 0%
Years 41 - 45 23% 23% 23% 32% 0%
Years 46 - 50 26% 26% 26% 23% 0%

Table A-45: Expected Total Calls by Vessel Class for the Life of the Project in Both the Without-
Project and With-Project Conditions

Susan Maersk Regina Maersk | Composite Other | Madison Maersk | Zim Asia (Sub-
(Post-Panamax) (Post-Panamax) Post-Panamax (Panamax) Panamax)

Project Year Predicted Calls Predicted Calls Predicted Calls Predicted Calls Predicted Calls
Years 1-5 4 4 4 139 160
Years 6 - 10 15 15 15 178 173
Years 11 - 15 36 36 36 249 197
Years 16 - 20 71 71 71 338 206
Years 21 - 25 118 118 118 444 190
Years 26 - 30 171 171 171 529 131
Years 31 - 35 246 246 246 631 42
Years 36 - 40 337 337 337 667 0
Years 41 - 45 454 454 454 634 0
Years 46 - 50 614 614 614 553 0

The number of predicted calls for each vessel class times the capacity of each vessel class at
each channel depth for the inbound and outbound transit results in a yearly capacity by
vessel class for the inbound and outbound transit. The predicted inbound yearly capacities
of each vessel class at each depth are shown in Tables A-46 to A-54.
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Table A-46: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 42 Feet

of Channel Depth<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>